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Brazil—from Denver, Colorado, to Ciudad Trujillo in the 


In 1949, Lock Joint Pipe Company supplied or contracted 
Dominican Republic. And if past performance is any cri- 


to supply reinforced concrete pressure pipe in 75 cities 


and towns throughout the western hemisphere. Comple- 
tion of these contracts requires production of the equiva- 
lent of more than 75,000,000 inch diameter feet of pipe 
varying in size from 12” to 120” and designed for p 

sures varying from a minimum to better than 200 pounds 


terion, every installation will produce another “satisfied 
customer.” 

We will gladly refer you to any or all of the many federal 
agencies, state or county authorities, private water supply 
companies and industrial concerns which have installed 





Lock Joint Pressure Pipe during the last forty years. We 
are confident that their testimony will prove to be Lock 
Joint’s best salesman. 


per square inch. 

In 1949, Lock Joint Pipe Company provided pressure pipe 
for installations from Portland, Maine, to Rio de Janeiro, 

e 

For over forty years Lock Joint has specialized exclusively in the pro- 
duction and technical improvement of reinforced concrete pipe for water 
supply and distribution mains, sewers, storm drains, culverts and sub- 
aqueous installations. 


LOCK JOINT PIPE COMPANY 


Est. 1905 
P.O. Box 269, East Orange N. J. ) 
PRESSURE PIPE PLANTS: Wharton, N. J., Turner, Kan., Detroit, Mich. 


BRANCH OFFICES: Casper, Wyo. * Cheyenne, Wyo. * Denver, Col. 

Kansas City, Mo. + Valley Park, Mo. * Chicago, Ill. * Rock Island, Ill. 

Wichita, Kan. * Kenilworth, N. J. * Hartford, Conn. * Tucumcari, N. Mex. 
Oklahoma City, Okla. * Tulsa, Okla. * Hato Rey, Puerto Rico 
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THIS IS IT! >>> 


The greatest improvement in register construc- 
tion since the invention of the straight reader 


NEW bcbwell daitaid 
STRAIGHT READING 
REGISTER} >>>)? 


RECORDING IN EITHER CUBIC FEET OR GALLONS 


IMPROVED MECHANICAL DESIGN 


STAINLESS STEEL DIAI 


HEAT-PROOF WHEELS 
lol amelaeliiel®)(-Mel Mali" 


meters or for parts 


SIMPLIFIED RESETTING TO ZERO 
replacement 


LARGE RED TEST HAND 


PITTSBURGH EQUITABLE 
WATER METERS 


Pittsburgh Equitable ry) Meter Division 


Empire Type 12 ROCKWELL MANUFACTURING COMPANY 
Empire Type 14 


Pittsburgh 8, Pa. 
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DON'T get caught with your stocks down. Always keep 
a good supply of Sanitation HTH on hand. 
Emergencies are inevitable. In times of floods, broken 
mains, power failures, chlorinator breakdowns and 
other unforeseen developments, nothing is as 
reassuring as plenty of HTH — in your stock room. 
HTH is also handy for those everyday jobs — 
regular chlorination, sterilizing reservoirs, new 
water mains, water tanks, or filters. 
Sanitation HTH is easy to use and store. It is dry, 
free-flowing and always provides a minimum of 
70% available chlorine. Play safe — replenish 
your stocks of HTH today. For the many uses of 
HTH write today for your copy of “Hypo-Chlorination 
of Water.” Mathieson Chemical Corporation, 
Mathieson Building, Baltimore 3, Maryland. 


Mathieson 


Sanitation HTH is available in coses of 
nine handy 5-Ib. cans and in 100-Ib. drums. 


SERVING INDUSTRY, AGRICULTURE AND PUBLIC HEALTH 
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“Cool, Clear Water!” 
(On This Month’s Cover) 


In this day of water shortages and polluted streams one 
can but think—Blessed is the country that can boast of 
scenes like this; and, of such an abundance of cool clean 
waters. Such is the case in the Pacific Northwest where the 
Skykomish rushes from the lofty Cascades to join the Sno 
homisch near Everett, Wash. 

This picture was made by that past-master photographer 
of the Northwest—Roy Atkeson of Portland, Oregon 


COMING 


Modernization of a Filtration Plant— 
and Some Results Therefrom 


Is the subject of an article which describes the adaptation of 
some of the most modern filter plant equipment and methods of 
raw-water preparation, filtration and chlorination. This article can 
be calculated to create the envy of progressive operators who may 
not have been able to secure up-to-date equipment, as has the author 
of this article. Planned for this issue, we regret the necessity of 
holding it for our June issue. The fortunate author is 

GEORGIA, Supervisor, 
Cornell Univ. Filter Plant & Water System, Ithaca, N.Y 


Sludge Drying— 
Sand Beds vs. Shallow Lagoons 


An interesting study made by the Los Angeles County Sanitary 
Distr. reveals some little suspected aspects and economics of dewa 
tering and drying of digested sludges in shallow lagoon type beds, 
without underdrains, in comparison with orthodox underdrained 
sand beds. The conclusions reached are eye-opening in respect to 
the overall costs of sludge dewatering by the two methods. This 


paper comes from 
A. M. RAWN and W. F. GARBER, 
Los Angeles County Sanitation Districts 


Sodium Fluosilicate in Fluoridation 

Amongst the earliest to adopt fluoridation of its water supply 
was Sheboygan, Wis. In the interim Sodium Silicofluoride has 
been suggested as an alternate to Sodium Fluoride, at a consider- 
able saving in cost of the chemical for equal amounts of fluoride 
ion. Sheboygan has now completed a trial period with the Silico 
fluoride. The methods employed and what has been learned in the 
trial period, and the economy, is to be reported in our next issue 
by 


JEROME C. ZUFELT, 
Supt. of Water, Sheboygan, Wis. 


Improved Sulphate Determination 
The procedure in “Standard Methods” for determinination of the 
Sulphate SO4 ion has by the Benzidine Hydrochloride Method two 
serious limitations. These have been overcome in a modified pro 
cedure described in detail in this article. The new procedure is 
not only applicable over a wider and more useful range, but is 
more accurate and requires no determination of a “blank.” “Sul 
phate Determination with a Modified Benzidine Hydrochloide 
Method” is the contribution of 
R INGOLS and J. W. McCONNELL, 
Ga. Inst. of Technology, Atlanta, Ga 


Settling Tank Desiga 

Is discussed by Prof. F. Popel of Stuttgart, Germany, in an 
illuminating article which ~ oo in “Gesundheits Ingenieur.” 
We have asked C. E. Keefer puty Sewerage Engr., of Baltimore, 
to prepare a translation of this important article for publication in 
an early issue. To this Prof. Popel is adding more recent dis 
closures than those appearing in the original article, plus a useful 
design nomograp 
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ANN ARBOR, MICH. . . . April 1949 
BRIDGEPORT, CONN. fost Pionr May 1949 
AKRON,OHIO . . . . May 1949 


PROVIDENCE, R.J. . . . June 1949 
BRIDGEPORT, CONN. west Pion Nov. 1949 
& 


These cities made two important decisions 
during 1949 in solving their sewage sludge 
disposal problems, by specifying heat dry- 
ing and incineration as the best methods 
and Nichols Multiple Hearth Incinerators as 
the best means. 


WHY? 


Low initial cost + Compact disposal plant 
Economy of operation 


NICHOLS — the foremost name in incineration 


ING & RESEARCH CORPORATION 


, NEW YORK 5, N.Y. 
© 1477 Sherbrooke St. West, Montreal 25, Canada 
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WE Are LOOKING FORWARD to seeing you at the A.W.W.A. 
Convention to be held in Philadelphia from May 21 to 26. A most 
friendly welcome awaits you, and we hope that many of you will 
take the opportunity to get better acquainted with our products 
by visiting our plant in Florence, N. J., near Philadelphia. 

At the Convention, our products will be on display in Booths 217 
and 219. Come and see for yourself how simplicity of design and 


ease of replacement make the Modernized Mathews Hydrant a vital 
link in the fire fighting system of every modern, safety-minded 


community. 


MATHEWS HYDRANTS 


Made by R. D. WOOD COMPANY 


Public Ledger Bidg., Independence Square, Phila. 5, Pa. 


Manufacturers of “Sand-Spun” Pipe (centrifugally cast 
in sand molds) and R. D. Wood Gate Valves 
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Sewage treatment and incineration are combined into one operating unit at 
Stamford, Conn. The plant uses the elutriation process to condition sludge. The 
effluent is post-chlorinated and sludge is flash dried for sale as a soil conditioner 
General Electric motors and control used throughout the plont keep running 


expenses low 


One of the nerve centers of the Stamford These G-E vertical motors drive centrif- 


voltage is dropped to utilization voltage 
for distribution to G-E motors and control 
throughout the plont. G-E standardized 
unit substations ore completely factory- 
assembled, ready-to-install units. 


plont, this G-E Cabinetro!l control instol- 
lation centralizes low-voltage control of 
motors, lighting, ond other auxiliary 
equipment. Such installations conserve 
space and save steps; make for more 
efficient operation. 


ugal pumps which pick up sewage after 
it passes through bor screens. The control 
above the first motor automatically se- 
lects the pump or pumps needed to handle 
the flow. Five motors—one 20-hp, one 
40-hp, and three 75-hp —are used. 


GENERAL G6 ELECTRIC 
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CLEAN WATERS 


GA 


Modern G-E Equipped Combination Wastes Plant Economically Serves City of 70,000 


Before 1944, most of Stamford Connecticut's sewage 
had to run through its treatment plant quickly or by- 
pass it entirely. This created an unhealthful condition 
in Stamford Harbor and Long Island Sound. Today, 


Stamford’s waters are clean 


Finding itself in the same situation as many other 
cities where the war brought increases in industrial 
activity and population, Stamford solved its sanitation 
problem by rebuilding its sewage treatment and incin- 
eration plants to combine them into one operating unit. 


This investment in clean waters is returning large 
dividends in the form of better health, cleaner beaches, 
and higher community standing. What's more: the 
plant operator says the power cost of the new plant 


is less than the old one, thanks to modern processes 
and equipment recommended by the consulting engi- 
neer and General Electric 
General Electric can help your community get chat 
new or improved sewage treatment plant by giving 
engineering assistance to help you and your consultant 
first in helping formulate electrical plans and second 
in building public support with the full-color sound 
movie Clean Waters 
Contact your General Electric office carly in the plan- 
ning stage. The nearest G-E office is listed in your local 
classified ‘phone directory. Apparatus Dept., General 
Electric Co., Schenectady 5, N. Y. 


Dry sludge is driven by meons of screw 





The Tri-Clad motors shown above are 
V-belted to vacuum pumps used in the 
sludge dewatering process. Sludge is 
pumped from the elutriation tanks into 
vacuum filters for de-watering. Motors 
ore 15 hp, 1800 rpm, and operate on 
208-volts, 3-phase, 60-cycle a-c. 


From the vacuum filter, sludge is conveyed 
from the sludge drying and weighing 
equipment. Drying and weighing equip- 
ment is at left, a dry divider at right rear 
View shows one of several G-E motors 
used throughout the process. 


SEWAGE-PLANT 





feeders into garbage and refuse inciner- 
otors when required; normally, however, 
it is bagged and sold, Tri-Clad®) special- 
Purpose, Open, gear-motors, mounted on 
the frame at upper right, chain-drive the 
conveyors. 
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for Safety, Surety and Savings 


-»e OPERATE DISTANT VALVES 


The important safety factor afforded by 
LimiTorque Remote Control cannot be over- 
stressed, because men do not have to go to 
high, low, dangerous or inaccessible locations 
to open and close valves. Further, LimiT orque 
prevents damage to seats, discs, stems, etc., 
because it “automatically” shuts-off the power, 
should an obstruction in closing occur. 

Think of the savings effected in time and 
money by eliminating men going from one 
valve to another (many of which are at dis- 
tant locations)—not to mention the time re- 
quired to shut or open each valve. LimiT orque 
Remote Control not only prevents this waste, 
but enables one man to merely “push buttons” 
and actually see on a panelboard whether the 
valves are open or closed. 

Various LimiTorques are available for dif- 
ferent requirements on all types of valves 
(globe, gate, butterfly, plug, etc.)—and, too, 
LimiTorques may be supplied for actuation 
by any power source, such as electricity, 
steam, water, gas, oil or air. 


Thousands of LimiTorques 
are in use throughout the 
world, on land and sea. Be 
convinced; send for our 96- 
page catalog, L-48, and please 
use your Business Letterhead 
when requesting it. 





ERIE AVE. AND G ST., PHILADELPHIA 34, PA. 
NEW YORK + PITTSBURGH + CHICAGO + HOUSTON 
IN CANADA: WILLIAM AND J. G. GREEY LIMITED, TORONTO 





Industrial Gears and Speed Reducers 
LimiTorque Valve Controls 
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Lithograpbed on stone by James E. Allen 
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Cast iron pipe is tough, husky, but not exactly hand- 
some. What it lacks in eye appeal it makes up for in 
dependable quality. To see that our product's repu- 
tation for quality is lived up to—and to strive for still 
higher quality—this Company has made substantial 
investments in facilities for quality contro! and for research and development. 
The recently completed Research Laboratory and Developmental Foundry ¢t 


Burlington is an important contribution to a long-range program of process 


and product development. United States Pipe and Foundry Company, General 


Offices: Burlington, N. J. Plants and Sales Offices Throughout U. S. A. 
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Pardon our Latin, gentlemen, but— Caveat Emptor! 


“WET THE BUYER BEWARE” was a good piece of early 
Roman advice. 
It was still good when we first met you—and introduced 
you to the General Electric Disposall.* 
You were wary, rightfully so, of a kitchen appliance 
that shreds all food waste into tiny particles, and flushes 
it down the drain and into the sewer. 


You agreed that any method that would completely 
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eliminate garbage was a good thing for the community. 
But you wanted proof that the Disposall method would 
not result in sewage stoppages or in any way impair the 
efficient operation of your sewage system. 

You wanted evidence that it was safe for the home- 
owner—practical and economical for the community. 

We believe that we have answered every question 
to your satisfaction, gentlemen. The Disposall method 





has been accepted throughout the land. Disposalls are 
in everyday use in thousands of homes—in cities large 
and small. 

When necessary, farsighted sanitation officials have 
seen fit to revise out-dated sanitation codes to permit 
the use of this revolutionary appliance in the homes of 
their communities. 

Doubtless, there are other food-waste shredders that 
will be able to convince you of their efficiency and econ- 
omy. Appliances that will meet the strictest examination. 

But, because the Disposall is the pioneer in the field 
of scientific garbage elimination—and has proved itself 
in the laboratory and in countless homes—we believe 
you will be interested in reading the specifications below. 
They are the very specifications used in the develop- 
ment and perfection of the General Electric Disposall. 

They may be of use to you in drawing up your own 


list of requirements. 


GENERAL ELECTRIC’S SPECIFICATIONS 
FOR ITS FOOD-WASTE SHREDDER— 
THE DISPOSALL 


1. The Disposall has a flow interlock that permits oper- 
ation with cold water only. 

This requirement is necessary because experience has 
shown that only with cold water will greases become 
congealed within the cylinder. With congealed grease 
broken up into small particles, mixed with food waste 
and carried off through the drain, there can be little 
tendency for greases to adhere to the walls of the pipe. 
2. The discharge from the Disposall remains in a fluid 
state. The correct relationship between the amount of food 
waste and tap water is maintained by controlled shredding. 


This equalization of water and food waste permits 

the ready flow of effluent through traps, drain, or soil 
lines in a manner to prevent clogging. 
3. The Disposall shreds food waste to a uniform size, to 
meet the following requirements: 100% shall pass a ¥-inch 
screen. At least 90% shall pass a ‘4-inch screen. Not more 
than 5% shall pass a #40 sieve. 

(Screens should be the United States standard, and 
weight should be taken on a dry basis.) 

In other words, the particles of shredded food waste 
are of the correct size, to permit effective sewage clarifi- 
cation and sludge digestion at the treatment plant. 


13A 


4. The food-waste shredder is self-scouring, with no fouling 
surfaces. 

This feature prevents objectionable odors; keeps the 
unit clean as a whistle. 
5. The food-waste shredder provides maximum protection 
against electrical or mechanical hazards. 

As a safety measure, the shredding compartment is 
inaccessible during operation. 


6. The food-waste shredder is designed for connection to 
the plumbing, in accordance with the local plumbing code, 


and should be free from any cross connection. 

This regulation eliminates any makeshift, homemade 
hook-ups, and permits the proper operation from sink 
to sewage treatment plant. 

For further information about the Disposall method, 
simply write to Department W & W 505, General Electric 
Company, Bridgeport 2, Connecticut. 


The General Electric Disposall is easily installed in al- 
most any sink. Here it is shown installed in our electric 
sink. Food waste is scraped into drain opening, and safety 
cover is placed in position. The cold-water tap is then 
turned on, starting the Disposall operation. Food waste 
is shredded and flushed away automatically. 

P.S. Thousands of Disposalls are operating success- 
fully on private septic tank systems. 


36) Disposall 


CONVERTS FOOD WASTE TO SEWAGE—ELIMINATES “GARBAGE” 


GENERAL @@ ELECTRIC. 


Water & SewaGe Works, May, 1950 








that Engineers often need 


but ‘Fabricators seldom paublish 


Engineers purchasing steel plate construction often ask 
themselves the question: “Has this supplier the capacity and 
the equipment to do the job according to specifications 
and on time?” 

Usually, they are offered little definite information that 
would help them make a decision. Recently, however, Posey 
Iron published a 12-page reference bulletin giving details 
about Posey capacity and equipment. 

Located in Lancaster, Pa.. . . a railroad and highway 
center . . . the modern plants of the Posey Iron Works cover 
an area of 16% acres under roof. Manufacturing advan- 
tages provided by this extensive, modernized plant often 
permit the Posey Iron Works to meet both “special” and 
stondard requirements with greater skill . . . greater speed 

. and greater economy. Materials are carefully selected 
to meet specifications and liberal allowance is always made 
for safety factors. 

To learn of facilities that may lower your steel plate 
construction costs, write today for your free copy of the 
Posey Production Facilities Bulletin. 


Established 1910 


POSEY IRON WORKS, INC. 


STEEL PLATE DIVISION 


NCASTER IRON WORKS, INC 


LANCASTER, PA. 
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ADVANCED BADGER ENGINEERING 
oct INSERT 


ROLLER 


brings you the DOVETAIL 


Because BADGER METER engineers refuse to “rest on 
their laurels,” they continue to maintain the world’s 
highest standards of water meter performance. This new 
Badger Dovetail Thrust Roller Insert is typical of the 
constructive research and precision achievements in prog- 
ress continually at BADGER. 

What does this Badger Dovetail Thrust Roller Insert 
accomplish? It saves important time and replacement 
costs . . . because, with this removable plate set into the 
chamber wall, the thrust roller (in the disc) rolls against 
the insert only . . . thus preventing wear directly in the 
chamber thrust roller slot (which would damage the 
chamber itself). If wear occurs on the insert, that is no 
problem, because it can be replaced easily, at a small 
fraction of the cost and time required to replace an en- 
tire new chamber. 


A New style: 77% short- 
er slot...adds strength 
to chamber-halves; pre- 
vents distortion. Dovetail 
prevents shifting of insert. 
Increased radius assures 
freedom of disc movement. 
No wear on chamber; 
wear confined to the eas- 
ily replaceable insert. 


Old style: This full 

length slot weakened 
the chamber-halves . . 
made them subject to dis- 
tortion. 


In addition, advanced Badger engineering of this 
unique insert assures you of accurate metering through 
unimpaired freedom of disc movement, because: 


Both halves of chamber 

remain stronger, since this 
insert requires only a short 
slot (about 77% shorter slot 
milled in chamber wall). 

Precision design and ma- 

chining permit insert to be 
held accurately and securely 
in place between the two 
halves of the chamber. 


The precision dovetail de- 
sign prevents insert from 
shifting or moving. 


The increased radius of the 

insert along the area near- 
est the disc, assures ample 
clearance always between disc 
and insert, even in the extreme 
allowable vertical shift. 


Only in BADGER METERS will you find this advanced 
type of engineering and precision production which has 
convinced waterworks men in over 5000 communities 


that “BADGERS are the best buy in meters.” 
2 BADGER- 


First” 


ASK ABOUT OTHER REASONS WHY YOU'LL DO BETTER WITH BADGERS 


BADGER METER MFG. CO., Milwaukee 10, Wis. 


Branch Offices: New York City © Philadelphia © Worcester, Mass. © $ 


h, Go. © Cincinnati © Chicoge © Kansas City 





Waco, Texas © Salt Lake City, Utch © Guthrie, Okle. @Seattle, Wash. *Los Angeles 





BADGER Wazec METERS 


**MEASURING THE WATER OF THE WORLD" 
Firat FOR ACCURACY LOW-COST MAINTENANCE + DURABILITY » SENSITIVITY 
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= Phitadelphie’s rseegs pumping engine. 2 tnstalied in the year 
1800 (not a De Laval). 

The first aaa waterworks pump in Philadelphia and one of the very 
first in the entire nation. 

The city of Philadelphia was one of the first to replace the ponderous 
pumping engines of the nineteenth century with compact, highly efficient 
turbine-driven — pumps. The first of the siiiion al units to be used 
by the city of Philadelphia was a De Laval 244 mgd Tenltan dives unit 
installed at the Torresdale Station in the year 1907. 


4 Queen Lane Pumping Station 
In the year 1919 the City of Philadelphia 
broke all records for pumping capacity by equip- 
ing the Queen Lane Pumping Station with four 
Laval turbine-driven units each having a ca- 
pacity of 40 mgd against 279’ head. 


Roxboro Booster Station 

One De Laval 17 mgd and two De Laval 20 
mgd motor-driven pumps are used in this sta- 
tion. 


# Shawmont Pumping Station 
These two De Laval 2,095 hp motor-driven, 
centrifugal pumps have a capacity of 25 mgd 
each against 405’ head. 


Belmont Pumping Station 

Three De Laval motor-driven centrifugal 
pumps designed to deliver 25 mgd against 
334’ head. 
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"ONE OF THE MANY AMERICAN CITIES, LARGE AND SMALL, 
SERVED BY DE LAVAL WATER WORKS PUMPS. 


A cordial reception awaits you at De Laval Booths No. 107-109 American Water -Works Convention, Philadelphia, 
where we look forward to renewing our many friendships among the members of the water works profession. 


Torresdale Pumping Station 
Two De Laval 8 mgd, 75 hp motor-driven 
pumps are used here for wash water service. 


€ East Park Booster Station 


Each of the three De Laval pumps in this neat 
station is rated at 25 mgd against 149’ head and 
is driven by a 745 hp synchronous motor. , 


Fox Chase Booster Station 
Three of four De Laval pumping units at Fox 
Chase. 


@ Lardner's Point 
Four De Laval tandem, motor-driven units 
each consisting of a 2000 hp motor connected 
at one end to a 40 mgd, 246’ head pump and 
at the other end to a 30 mgd, 85’ head pump. 


WRITE DEPT. 10-11-WS. 


DE LAVAL STEAM TURBINE COMPANY 


Trenton 2, N. J. 


TURBINES + HELICAL GEARS + CENTRIFUGAL BLOWERS AND COMPRESSORS 
CENTRIFUGAL PUMPS *« WORM GEAR SPEED REDUCERS + IMO OIL PUMPS 
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Without bursting strength—or, for that matter—without all of the strength factors 
listed opposite—no pipe laid 100 years ago in city streets would be in service today. 
But, in spite of the evolution of traffic from horse-drawn vehicles to heavy 

trucks and buses—and today’s vast complexity of subway and underground utility 
services—cast iron gas and water mains, laid over a century ago, are serving 

in the streets of more than 30 cities in the United States and Canada. 

Such service records prove that cast iron pipe 

combines all the strength factors of long life with ample margins of safety. 

No pipe that is provably deficient in any of these strength factors should 

ever be laid in city streets. Cast Iron Pipe Research Association. 

Thos. F. Wolfe, Engineer, 122 So. Michigan Ave., Chicago 3. 


CAST TRON PIPE 
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Strength factors of Long Life 


No pipe that is provably deficient in any of these 
strength factors should ever be laid in city streets 


BURSTING STRENGTH In full length bursting tests standard 6-inch cast 


iron pipe withstands more than 2500 lbs. per 
square inch internal hydrostatic pressure, which 
proves ample ability to resist water-hammer or 
unusual working pressures. 


The toughness of cast iron pipe which enables it 
SHOCK STRENGTH to withstand impact and traffic shocks, as well as 
the hazards in handling, is demonstrated by the 
Impact Test. While under hydrostatic pressure 
and the heavy blows from a 50 pound hammer, 
standard 6-inch cast iron pipe does not crack until 
the hammer is dropped 6 times on the same spot 
from progressively increased heights of 6 inches. 


- 


CRUSHING STRENGTH 


The ability of cast iron pipe to withstand external 
loads imposed by heavy fill and unusual traffic 
loads is proved by the Ring Compression Test. 
Standard 6-inch cast iron pipe withstands a crush- 
ing weight of more than 14,000 lbs. per foot. 


cacy” capamaamanealit ERI 


caused by soil settlement, or disturbance of soil 
by other utilities. or resting on an obstruction, 
tests prove that standard 6-inch cast iron pipe in 
10-foot span sustains a load of 15,000 lbs. 


Qa co 


SERVES FOR CENTURIES 
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Elevated Tank 


The specific advantages gained from an ele- 
vated water tank will, of course, vary somewhat 
from city to city. You can be certain though, 
that — on the basis of actual reports — Horton 
elevated tanks are determining factors in obtain- 
ing the following benefits for cities: 


@ More uniform pressures throughout the dis 
tribution system 

® More dependable supply of water for fire 
protection. 
Lower insurance rating for the city. 
Maintenance of pressure during temporary 
power failures. 
Provision for pumping during off-peak 


periods when power rates are most favor- 


able. 











The above sketch shows how a Horton elevated 
tank provides gravity water pressure to a com- 
munity. Notice how the water is stored above the 
houses—and that its flow depends only on un- 
failing force of gravity. Horton radial-cone bot- 
tom tanks like this are available in capacities 
from 500,000 to 3,000,000 gallons. We also build 
ellipsoidal-bottom elevated tanks in standard 
capacities from 15,000 to 500,000 gals. Write 
our nearest office for details. 
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Illustrated above is a typical Horton radial-cone 
bottom elevated tank, installed for the City 
Rock Island, Illinois, This attractive structure, 124- 
it. to bottom, has a capacity of 500,000 gallons. 


CHICAGO BRIDGE «4 IRON COMPANY 


meets Walnut Street Seneine 


Lafayette Building sutediete 3 
City 
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3390—165 Broadway Building Tulsa 3. 


1283—22 Ba 
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REX MECHANICALLY CLEANED BAR SCREENS 
AND TRITURATORS are neat, streamlined units 
that provide an efficient means of removing large 
solids from liquids and reducing them in size. 
Reduced material is returned into the sewage flow 
for quick and efficient handling in settling tanks 
and digesters. 


Hee 


REX GRIT EQUIPMENT with its exclusive re- 
circulating principle, effectively separates and 
removes inorganic solids from liquids. No grit 
washer is required.Rugged construction assures 
long, economical service. 


SEX SLO-MIXERS AND FLASH MIXERS 
assure rapid disbursement of chemical 
throughout the liquid, followed by a gen- 
tle, multi-stage slow mixing for optimum 
floc formation. Rex Slo-Mixers eliminate 
short-circuiting and effect savings in 
chemicals. 


CHAIN Be.> 


}  £2P. 


for the “BIGS” and the “smalls” 


REX provides proved equipment 


Large plant or small... primary or 
complete treatment . . . domestic or 
industrial waste, Rex Sanitationand 
Process Equipment is right for all. 
Rex engineers consider the 
requirements of the small plant as 
well as the large . . . provide equip- 
ment that exactly suits the require- 
ments. Equipment for the smaller 
plants is not just “scaled down” 
but is designed and built for the 
specific problems encountered. 
Conversely, large plant units are 
built for the job they must do. 
Too, Rex answers the problem 


REX VERTI-FLO delivers a highly clari- 
fied effivent with an extremely short 
detention period. It provides maximum 
tank capacity for any desired tank size 
and maximum practical weir length. The 
combination of large weir length and 
low vertical velocities assures a clearer 
effivent, far greater capacity at minimum 
cost. 


SANITATION E 


of the overloaded plant . . . offers 
equipment that can frequently ex- 
pand existing capacities without 
enlargement of plant size. 

In any plant, Rex provides un- 
equaled efficiency . . . capacity... 
sets the standards for economical, 
long-life operation. Specially 
trained Rex sanitation engineers 
will be happy to assist you with 
your individual problems. For com- 
plete information, write for your 
copy of Bulletin 48-41. Chain Belt 
Company, 1610 West Bruce Street, 
Milwaukee 4, Wisconsin. 


REX CONVEYOR SLUDGE 
COLLECTORS combine the 
well-known advantages of 
the rectangular settling tank 
with a rugged and efficient 
form of sludge removal 
mechanism. Whether han- 
dling primary sludge or 
light flocculent solids, their 
performance is efficient 
and economical. 


REX TOW-BRO SLUDGE COLLECTORS 
assure accurate control of sludge removal 
over a wide range of withdrawal rates 
hrough their lusive suction principle. 
Sludge is removed immediately on contact 
instead of the usual plowing or scraping. 
Greater sludge concentration, greater 
operating flexibility, and a clearer effluent 
are a few of the many advantages. 





QUIPMENT 
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IOWA products 


meet yo 


Superiority © 


Materials A 


TO WA CHECK VALVES 
Balanced swing type, 
bronze trimmed through- 
on. E d with 

Stee! hinge pin. Furnished 
Be rubber or leather faced 





ic if desired. For installa- 
mn in either horizontal or 
Vertical pipe lines. Ex- 
femely low loss of head. 


1OWA FIRE HYDRANTS—L acest 
Corey type conforming to 
AW A specifications. Will not 
eyser when standpipe is 
roken. Unique design pro- 
vides unrestricted water flow 
with extreme low loss of head. 


Write today for 
descriptive literature. 


Sees Efficient 


Operation .--- s 
every fob 
EE 


ur most exacting s specification 
ms: 


f Design, Workmanship, and 


IOWA SQUARE BOTTOM 
VALVES—Specially designed 
for throttling service in filter 
wash and pump discharge lines. 
Square bottom features can be 
built into gate valves of any 
pressure ratings. 


IOWA .. 


201-299 W. Talman Ave., Chicago 80, lil 
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Trouble Free 


1OWA GATE VALVES—Simple, rugged con- 
struction, fully bronze mounted. Parallel 
seat, double disc type with independent 


solid bronze wedges and stem nut. Trouble 
free service assured. 


IOWA TAPPING SLEEVES end VALVES—Sturdily built, 
All bolted type with lead strips for tight 


assemble and center on Pipe. 
sleeve connections. Extra lo 
protect the cut. All sizes nell 


™ 


easy to 


body sleeves with heavy flanges amply 


ble. 


LVE 


IOWA HYDRAULIC VALVES— 
Superiority of design matched 
with sturdy construction meets 
severe, continuous filter 
service requirements. Avail- 
able with either iron, brass lined 
or brass tubing cylinders. 


COM 


IOWA SLUICE GATES—Heavy 
cast iron construction, fully 
bronze mounted. Provided 
with solid bronze adjustable 
wedges. Suitable for seating 
and unseating pressures. Wide 
range of sizes. 


ANY 


A Subsidiary of James B. Clow & Sons 





oF NY A 41a 5 ae 7. 
Water Filtration Plant 


(COMPLETED IN 1949 
























HOWARD A. JOHNSON 
Supt. of Water Treatment 


Danville, Va 
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Written for the 
men who install 


TRANSITE 
PRESSURE PIPE 


As ITS TITLE IMPLIES, this new Installation 
Guide was designed especially for those who 
do the actual work of installing Transite* Pres- 
sure Pipe...a handy working tool intended 
to help the man in the field do a good job in an 
economical way. 

But it answers so many questions of general 
interest about Transite Pipe that it is being 
offered, without cost, to anyone concerned with 
*TRANSITE is a Johns-Manville registered trade mark 





the design, construction or operation of a water 
system. 


Send for your copy today. It will give you a 
new insight into Transite’s many practical fea- 
tures that reduce water line installation costs. . . 
help answer some of the questions you may have 
about this Johns-Manville asbestos-cement pipe 
that is contributing to better and more eco- 
nomical water systems for thousands of American 
cities and towns. 


UM Johns-Manville TRANSITE 
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Water & Sewace Works, M 


290, New York 16, N. Y. 
Please send me the Transite Pipe Installat 
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Manville, Box 290, New York 16, N. Y. In Canada, 


Just use the coupon—or write to Johns- 
address 199 Bay Street, Toronto, Ontario. 


CEMENT 


anyone who wants 


ASBESTOS- 





° 


nm 1582 when 
this machine pumped London's Wafer 


wh “ 
f =o HH ; 


=> 


SKIP the centuries! 


In this country alone there are sys- 
tems that would shame London’s 
great contribution, even in our small- 


est towns. 


A Parade of Progress in which Smith 
Rotovalves and Axial Flow Pumps have 
marched in the very forefront! Good 
reason for putting your hydraulic 


problem in our hands, isn’t it? 


S.MORGAN SMITH Co. 


Yorw.PeEnNNA USA 
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EVERY TYPE AND Size 
FOR EVERY NEED, 
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Write today for our complete 
Elevated Stee] Tank Brochure 





For all municipal water storage require- 
ments, Pittsburgh-Des Moines Elevated Steel 
Tanks are supplied in a wide range of 
designs, and in capacities up to 2,500,000 
gallons. @ Uniform pressures around the 
clock, supply during interruptions in pump- 
ing, lower pumping costs are but a few of 
the many reasons for this 

low-cost investment. 


May we discuss the facts 
with you? 





PITTSBURGH ° DES MOINES STEEL CO. 


ot PITTSBURGH, DES MOINES and SANTA CLARA 





RENSSELAER 


SQUARE BOTTOM GATE VALVE 


EMERGENCY SHUTOFF 
FREQUENT OPERATION 
THROTTLING 
VERTICAL PIPE LINES 








Elica 2d 





OU know that throttling service leaves a valve partially 

open —in which case, an improperly supported downstream 
gate is under pressure to tilt into the downstream port opening 
and to score the face of both gate and seat rings. 

THIS CAN’T HAPPEN in a Rensselaer Square Bottom 
Gate Valve— because the gate is properly supported at THREE 
POINTS during its full length of travel. It can’t tilt. The dia- 
gram shows why, in detail. 

In EVERY respect, this gate valve is designed for long life 
under severe operating conditions. For instance—during its 
entire operation, the gate ring is held completely free from 
contact with the seat ring, by stainless steel tracks, and bronze 
mounted gate lugs until near the closing point. Then the tracks 
taper, allowing contact between gate and seat. 

Without obligation on your part a Rensselaer representative 
will be glad to give you the benefit of his experience in Valves, 
Hydrants and other Rensselaer products. Call our nearest office. 











LEADERSHIP FOR OVER 65 YEARS 


|Valve closes easily under high differential RENSS LAER 


2—Valve operates frequently without exces- VA LVE £2 MPA NY 
3 <7 ea sod fen theettlt ” Check Valves ® Topping Sleeves and Volves © Air Release Volves 
pa? py pe sana TROY, NEW YORK 
me cout Gage. Division of Nestene Meter Compony 


4—The gates are properly supported for oper- Ailenta, Bale-Cynwyd, Po., Chicage, Dalles, Denver, Haverhill, Moss, Hormel, N. Y 
ating in vertical lines. Konses City, Los Angeles, Memphis, Oklahome City, Pittsburgh, Sen Francisco, Seattle 
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PACKAGE 


@ Lower Initial Cost 
@ Less Maintenance 
- I isict Installatior 


@ Less Space 


Choose 


gare PRACTICAL EXPERIENCE in 
public works plus selection from 
a complete line of pumps is your guar- 
antee of unbiased recommendation when 
you call in your nearest A-C pump ap- 
plication engineer. 

Whether you require a small pump 
for booster service, or a larger capacity 
for a low lift pump station he can help 
you because he has met and solved sim- 
ilar problems before. 


Check On Drives, Too 
Allis-Chalmers backs its complete line 


PUMP 


“S08 x 


@ kasier 
@ Can Use Present Motor 


@ Can 


of pumps with complete drives and 
control. 

A-C is ready to give you service when 
you need it. Many standard pumps, 
motors and controls are carried in stock 
for prompt shipment. 


Pumps For Any Size City 


Whether your city is large, medium 
or small, you can depend on Allis- 


or SEPARATE UNITS 


@ \i re oar teil 


—~| me mit i. 


to Dis 


mat ate 


Meet Special Conditions 





THE BEST PUMP 
FOR YOUR JOB 


Chalmers public works equipment to | 
provide dependable performance, efh- 
ciency and economy-wise 


Send For Free Bulletin 
Complete details about A-C pumps are 
in Bulletin 52B6059. Order yours from 
your nearest A-C Sales Office. A-3068 


ALLIS-CHALMERS, 1192A SO. 70 ST. 
MILWAUKEE, WIS. 


Texrope is an Allis-Chalmers trademark. 


ALLIS-CHALMERS 
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For quality piping...complete selection 
Select from the CRANE line 


NEW DISC-HINGE CONNECTION 
GREATLY REDUCES WEAR 


Note the improved spring loaded disc-hinge assembly on 
these Crane Iron Body Swing Check Valves. This patented 
semi-rigid connection eliminates lost motion, yet has the 
flexibility needed to assure true seating. Wear at the disc- 
hinge connection is practically eliminated. 
Crane body design assures ample flow area. Disc always 
swings freely to give unrestricted flow; cannot stick in open 
position; closes securely when forward flow stops. Bolted 
cap construction, plus tapped and plugged body openings, 
provides easy access to all working parts. 
As with all Crane swing checks, these valves can be fur- 
nished with outside lever and adjustable weight when ex- 
treme sensitivity to flow reversal or to low inlet pressure is : , 
desired. Available with flanged, screwed, or hub ends. See ee Nae eee — Sem oe P 
8-in. Also a with disc or 


your No. 49 Crane Catalog, p. 120-121. 
y : i ats er in all-iron. Sizes 10 to 24-in. have con- 
CRANE CO., 836 S. Michigan Ave., Chicago 5, Ill. ventional disc-hinge connection. See 
Branches and Wholesalers Serving All Industrial Areas Crane Catalog for Working Pressures. 








» THIS SEWAGE STATION PUMP ROOM PIPING, FOR EXAMPLE, 
CAN BE COMPLETELY EQUIPPED ON ONE ORDER TO CRANE 


—\ . 
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EVERYTHING FOR EVERY PIPING SYSTEM 








VALVES « FITTINGS « PIPE « PLUMBING AND HEATING 
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? Chemicals you live by 


HOW TO FIGURE OUT 
THE CHEMICAL BUGS HERE 





When the present trend toward stream purifi- chemicals that it is impossible to detail 
cation confronts you with a specific problem here which application of what chemicals 
in the handling and application of chem- might be needed to solve your problem. 
icals, turn for help to Diamonp ALKALI. Diamonp facilities, however, are dotted 

In this aspect of your job, Diamonp across the country at convenient spots, for 
is capable of rendering expert assistance. Technical Service help and for quick de- 
Diamonp has such a broad knowledge of livery of supplies. 

There is a DIAMOND sales office near you: Boston, New York, 


Philadelphia, Pittsburgh, Cleveland, Cincinnati, Chicago, St. Lovis, 
Memphis and Houston, with rep: ti in other principal cities. 





Mia. 
DIAMOND 





DIAMOND CHEMICALS FOR WATER TREATMENT 





DIAMOND ALKALI COMPANY...CLEVELAND 14, OHIO CHEMICALS 
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Poe off mind sums it up! 


Cover and top operat- 
ing assembly may be 
removed for inspec- 
tien or maintenance 
without disturbing 
packing. 


Streamline, tepered 
bronze nozzles. 


Berre! area approxi- 
mately 3 times area 
of main valve... either 
one-piece barrel or 
breakable Quikfix 
type a 
HIS man shares responsibility in his town for 


fire-fighting efficiency and operating cost. Ex- 

ee eae tat one. ; perience has shown him that on both counts he 
can rely on Darliag hydrants for the finest kind of 

performance ... year around, year in, year out! 
Greater peace of mind is another way of putting it. 


Are you familiar with all the advanced features of 
Darling hydrants? These include peak water deliv- 
ery at the nozzles with no perceptible loss of pres- 
sure . . . positive, automatic flushing of drains to 
avoid freeze-ups . . . prevention of flooding despite 
severe traffic damage . . . fast, simplified, one-man 
removal and inspection of a// working parts includ- 
ing main valve, main valve seat, drain valve and 
drain valve seats . . . unsurpassed ruggedness and 


pe hg Be , i life . . . modern, good-looking exterior. 


All werking parts as- 
sembled on red fer 
complete one-unit re- 
moval. 


EO Ee! 


oA 


OL Os 
ft 
Cisody, 


These are only a few of the Darling features de 
veloped to ease your mind on hydrant performance, 
and to ease your budget on over-all cost! Catalog 

17M describes ai// the features in detail, 
tells all about Darling hydrants for every 
known service both normal and unusual. 
We'll be happy to send you a copy. 


DARLING 


VALVE & MANUFACTURING CO. 
Williamsport 11, Pa. 


° kets 
te collect sediment. 
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TOO LITTLE 
and 
TOO LATE 


QS 


“v 


jee consuming public will long remember a brief siege of 
unpalatable water even though they receive a perfect water 


supply for the remainder of the year. 


Your best insurance against these consumer complaints is 
to keep an adequate supply of Aqua Nuchar Activated Carbon 
on hand. Then, when a sudden taste or odor appears, it can 
be quickly controlled by large dosages of carbon. But remember, there seems to be a com- 
mon inclination not to use the required high doses during short periods of intense tastes and 
odors. This is definitely a false economy when measured in terms of long range consumer 


relations. 


Many water plant operators control tastes and odors and their customers tempers by con- 
stant small dosages of Aqua Nuchar Activated Carbon. This prevents a sudden taste or odor 
condition from getting out of control, since a relatively small increase in the amount of Aqua 


Nuchar will quickly restore the palatability of the water. 








OTHER PRODUCTS: Snow Top Precipitated Calcium Carbonate © Nuchar Activated Plan to attend the 

Carbons ® Ligro Crude Tall Oil © Indusoil Distilled Tall Oil © Tallene Tall Oil Pitch A.W.W.A. Annual Convention 

Tallex Abietic Acid ® Sulfate Wood Turpentine @ Alpha Pinene © Beta Pinene at Philadelphia, May 21-26 
Polycel Cellulose Fibers @ Indulin (lignin) 











indusjrial 


CHEMICAL SALES 
division west virginia pulp and paper company 


NEW YORK CENTRAL BLDG. PURE OfFL BLOG. PUBLIC LEDGER BLDG. 
230 PARK AVENUE 35 £. WACKER DRIVE INDEPENDENCE SQUARE 
NEW YORK 17, WN. Y. CHICAGO 1, ILLINOIS PHILADELPHIA 6, PA. CLEVELAND 14, OHIO 
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VISIT OUR BOOTHS 
NO. 116—118—120 
A.W. W.A. 
CONVENTION 
PHILADELPHIA 
MAY 21-26 





Just Ask Most Anybody 


We don't know exactly what kind of answers 
you will get, but according to past records, the 


While there is some chance that we might be 
“know how" boys,—operating engineers, plant 


prejudiced, our people believe that Layne well 


water systems are the very finest now being built. 
However, you can get your facts first hand by 
doing a little investigating of your own. Just ask 
most anybody who owns a Layne well water sys- 
tem if he considers them to be okay?—Are they 
low in upkeep cost—big in volume production— 


managers, water works superintendents and cost 
accountants will be mighty, mighty complimen- 
tary. They are the first to recognize and show 
genuine appreciation of good equipment. A list 
of your nearby Layne well water system owners 
will be sent on request. For other helpful material 


designed right—built of good stuff and then in- | — illustrated catalogs and folders, address 
stalled and serviced by people who seem to know 


their business? LAYNE & BOWLER, INC. 


GENERAL OFFICES, MEMPHIS 8, TENN. 


layne 


WELL WATER SYSTEMS 


VERTICAL TURBINE PUMPS 


LAYNE ASSOCIATED COMPANIES 


ATED COMPANIES Layne - Arkansas 

Co., Con tut art, Ark. & Layne-Atlantic Co., Nor- 

f tay — 9 ow Co., Memphis, Tenn 

rn Co., Mishawaka, Ind. * 

An Speen. Co., Lake Charles, La. & 

uisiana W 

ne-Northwest 

. * yne-Ohio Co., Co- 

% Layne-Pacific, Inc., Seattle, 

Wash. & The Layne-Texas Co., Ltd., Houston. 

rn Co., Kansas Sx. Mo. 

pe Co., Minneapolis, Minn. * 
Ltornational Water Corp., Pittsburgh, Pa. 

International Water Supply Ltd., London, 

Layne no Americana, S.A., onkee. 

ri* General Filter Company, Ames, Iowa. 
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LOOKING FOR 
IMPROVED 


COAGULATION 
+. 


FREE INFORMATION ON REQUEST 


FROM THE 


TENNESSEE g’MmCO CORPORATION 





ON FERRI-FLOC, THE NEW FERRIC 
IRON COAGULANT. FREE 35 PAGE 
BOOK ON WATER AND SEWAGE 
TREATMENT WITH... 


FERRI-FLOC 











ALCOA 
FORGED ALUMINUM 


MANHOLE STEPS AND 
LADDER RUNGS 


Here’s a new kind of metal step that’s strong, 
safe, durable. Because it is made of highly 
corrosion-resistant Alcoa Aluminum Alloy, 
this forged step requires virtually no main- 
tenance, lasts years longer. It is safe—non- 
sparking, and grooved for a firm foothold. 
Easily installed in any type of masonry, this 
sturdy aluminum step will take a 1,000-pound 


load without permanent deformation. 


Available in three sizes for easy 
installation in any type of masonry, 
outside or inside. Call your nearby 
Alcoa Sales Office for information 
and prices. Or write for free folder. 
ALUMINUM COMPANY OF AMERICA, 
1809E Gulf Bidg., Pittsburgh 19, Pa. 


SAFE * NON-SPARKING * STRONG ¢ DURABLE ¢ ECONOMICAL 


a 
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TODAY There Are 192 City, 
State and Federal Units 
Where Domestic Sewage 








Pumps are Performing 


Satisfactorily. 


Domestic Engine & Pump Company may not 
be the giant in this field. 

But we bow to no one when it comes to 
ruggedness of our sewage pumps, design, 
engineering, construction, ease of operation 
or cost. 

And we'll gladly supply any interested per- 
son with names, places, dates 
of installation or any other in- 
formation desired. The history 
of Domestic Sewage Pumps 


talks for itself. 





Domestic Manufactures 

Sump Pumps—Sludge Pumps— 
Vertical Flexible—Vertical 
Open Shaft and Horizontal 
Sewage Pumps for normal or 


heavy duty. 


DOMESTIC 


ENGINE & PUMP CO. 


SHIPPENSBURG, PA. 
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LUDLOW:=rvccconcs 
RUGGEDNESS 
for your Sewerage Equipment 


ee 


a 


Flap Valve 4” — 48” 


; ass te} +E pate ae Be 
Typical Photograph of a System with LUDLOW Valves in a 


Sewerage Pumping Station 


LUDLOW operates a completely integrated piant with its 
own Iron, Bronze and Steel Foundries — Machine Shops, 
Pattern Shops — Completely Modern Metallurgical Labo- 
ratory and Engineering Department —plus rigid inspection 
and testing operation control. 


WT LA: 
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a 
for any water system! 


The dependability that features the performance of any 
Fairbanks-Morse Centrifugal Pump provides a “‘boost’’ for muni- 
cipal water systems. In this booster installation, for example, 
three Fairbanks-Morse 12-inch Figure 5814 Split Case pumps 
each deliver 5600 G.P.M. against a maximum head of 100 feet 
... and will continue to deliver dependably for years. 

In any application, you'll find the biggest ‘boosters’ for 
Fairbanks-Morse Pumps are the men who use them. Why not 
profit by their experience and check your pump requirements 
with your Fairbanks-Morse Pump Dealer or branch pump engi- 


neer. Fairbanks, Morse & Co., Chicago 5, IIl. 
FAIRBANKS-MORSE, 


@ name worth remembering 


DIESEL LOCOMOTIVES AND ENGINES © ELECTRICAL MACHINERY © PUMPS © SCALES 
HOME WATER SERVICE AND HEATING EQUIPMENT © RAIL CARS ¢ FARM MACHINERY 





The cheapest way to deliver water to the place where it turns into 


fevenue is with a Dresser-Coupled steel line—the line that 


@ Cuts Installation Costs 
@ Cuts Leakage Losses 
@ Cuts Maintenance Costs 


New water lines rarely follow the line of least resistance. In city 
Streets, numerous other utility lines, often uncharted, must be 
fircumvented with a minimum of interference. Ditches must be 
kept narrow and be closed up rapidly. Pipe and joints must be 
Vibration-proof. 

Che longer lengths of lightweight steel pipe and easy-to-install, 
flexible Dresser Couplings pay off in faster job completion, elimi- 
Ration of many costly specials and a generally more satisfactory 
job. Joining crews are small, need have no special skills. Construc- 
tion can proceed in any weather. Joints are 100°, tight—made 
to last. Glass-smooth linings assure high sustained carrying 
capacity. 

See your Dresser Engineer or write today for literature. 


in Somerville, Mass., this 36” steel line circumvented 
many electric conduits, water, sewer and gas pipes. 
Dresser Couplings made it possible 
to do this with littl disturbance to 


existing structures 


BE SURE you get the best line at the best price. Put 


steel! pipe and Dresser Couplings in your 


specifications. 





——— 
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DRESSER couprines 


Dresser Manufacturing Division, 59 Fisher Avenue, Bradford, Pa. (One of the Dresser Industries). In Texas: 
1121 Rothwell Street, Houston. In Canada: 629 Adelaide St., West, Toronto, Ontario. Sales Offices: New York, 


Chicago, Houston, Philadelphia, San Francisco. 
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The meter used by thousands 
of municipalities in the U. S. 


and abroad 








SURE TO MEET YOUR 
SPECIFICATIONS FOR ACCURACY, 
LOW MAINTENANCE, 

LONG LIFE 


Before you invest in water meters, get acquainted 
with the design and performance advantages 

which make Worthington-Gamon 

Watch Dog Water Meters first choice of so many 
municipalities and private water companies 


in the United States. 














WATCH DOG WATER METERS 
“Watch Dog” models. . . 
20 gpm up; frost-proof and split case in household sizes. Disc 
type, Turbine type or Compound type. Write for Bulletin, 


mode in standard capacities from 





WORTHINGTON-GAMON 
METER COMPANY 


296 South Street, Newark 5, New Jersey 


Subsidiary of 
WORTHINGTON 


PUMP AND MACHINERY CORPORATION 


ns 
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FILER & STOWELL 
SLUICE GATES 


MANUAL 
ELECTRIC 
OR 
CYLINDER 
OPERATED 


The sturdy design of Filer 
& Stowell Sluice Gates fur- 
nish long trouble free 
service. They have been 
standardized throughout 
for ease of installation 
and operation. Available 
in all standard sizes to 
meet all usual conditions 
and special designs to 
meet your unusual condi- 
tions. 


THE FILER & STOWELL COMPANY 


147 E. BECHER STREET, MILWAUKEE 7, WISCONSIN 
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“What d’ya mean, 


using all Everdur 
might cost less?” 


: “I suppose you think you're saving money by using Everdur for only 
part of this job.” 


: “Of course. These other materials are cheaper.” 
: “But you know they won't resist corrosion as long as Everdur—you're 
going to have to replace them eventually.” 
: “We-e-ell ...” 
: “Then there’s the fact that Everdur costs less to fabricate. It’s easy 
to work and machine.” 
um: “Yeah?” 
WE: “Sure. And don’t forget, built-up assemblies are lighter .. . easier to 
operate. That cuts costs.” 





um: “Okay, okay. You win. I guess we will be money ahead to use Everdur 
all around.” 


Dozens of sewage plant and waterworks case histories testify 
to the efficiency and long-range economy of using Everdur* 
to resist corrosion in such installations. These ANACONDA 
Copper-Silicon Alloys combine the corrosion resistance of 
copper with high tensile strength. 

Everdur is available in practically all wrought forms 


such as sheets, plates, rods, bars, and in structural shapes 
such as angles, channels, tee shapes and “I” beam sections; 
also in casting ingots. If you would like to know more, just 
write to The American Brass Company, Waterbury 20, 
Connecticut. In Canada: Anaconda American Brass Ltd., 


New Toronto, Ont. 


49172 
*Reg. U. S. Pat. Off 


Where corrosion resistance counts—use Everdur Anacon pA 


COPPER-SILICON ALLOYS 
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Sane dollare by the mile 


with Ka lM “Contury” Ashestos-Cement Pipe 


Miles of dollar savings and miles of highly 
improved water main service are being laid 
today, in numerous localities, as more and 
more use is made of K&M “Century” 
Asbestos-Cement Pipe. The alert officials, 
engineers, planners and other authorities 
who adopt this advanced K&M Pipe provide 
mains which are inherently resistant to 
threats of soil corrosion, electrolysis, tuber- 
culation and flow reduction. 


The same proved K&M Asbestos-Cement 
combination that makes all this possible, 
likewise assures strong pipe of remarkable 
lightness. New economies are effected in 


shipping, haulage and handling. Costs are 
cut still more by the use of K&M “Century” 
Simplex Couplings which permit deflection 
with standard pipe lengths, and also sim- 
plify any needed alignment before back- 
filling. High resistance too, is provided 
against traffic stresses and earth settlement. 


Years of service do not weaken K&M 
“Century” Pipe. It can be recovered and 
relaid in its original pressure class. Add the 
long-term maintenance savings to the instal- 
lation economies and you can plainly figure 
why the strong trend today is to K&M 
“Century” Asbestos-Cement Pipe. 


FATTISO ; ASBESTOS 
EMAIL TE Gentry cPMERY PIPES 


See usat... 


BOOTHS 341 and 343 pictured above, 
MAY 21-26, 1950 
Convention Holl, Philadelphia 


American Water Works Association Annval Convention 
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Jeffrey Spiral 
Conveyor han- 
dling alum and 
lime in a large 
Weter Works 
Plant. A section 
of Spiral flight 
is also shown. 


Sludge 
Sludge Elevators 

ee 
Flocculation Equipment 
Bar Screens 

Spiral Conveyors 


Chain 


Collectors 


Grit Washe <tors 


MANUFACTURING COMPANY 
996 North Fourth St., Columbus 16, Ohio 
ae. 
Houston 2 
Huntington 19 


Baltimore 2 
Birmingham 3 
Boston 16 
Buffalo 2 


Chicago 1 
Cincinnoti 2 
Cleveland 13 
Denver 2 


~ 


THE SPIRAL CONVEYOR 
A COMPACT INSTALLATION 


Used extensively in Water Works Plants for handling lime, alum or 
other chemicals—saving time and cost. Jeffrey Spirals make compact 


installations —can be made dust-tight. No return strand. Capacities vary 


with size of unit. 


Photo above shows a Jeffrey Spiral installation in a large Ohio Water 


Works Plant. Note the clamped cover used when handling dusty mate- 


rial—also the various rack and pinion valves in the trough bottom for 


delivery of material when and where needed. 


Catalog No. 803-A fully describes and pictures Jeffrey Spirals. Cata- 


log No. 775-A covers our complete line of Sewage, Water and Indus- 


trial Waste Treatment equipment. 


Established 1877 


Pittsburgh 22 

St. Lovis 1 

Salt Loke City 1 
Scranton 3 


Jacksonville 2 
Milwaukee 2 
New York 7 
Philadelphia 3 
Jetirey Mtg. Co., lid., Heod Office & Works Montreal 


Complete line of 
Materig| Handling 
Processing and 


Mining Equipment 
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PIPE...fused by fire 
for EVERLASTING service 


VITRIFICATION — the heat - bonding process it’s universally preferred for sewerage and 
that makes Clay Pipe tough, corrosion-proof, drainage installations. 


and everlasting — takes place at temperatures NATIONAL CLAY PIPE MANUFACTURERS, INC. 


exceeding 2000° F. Under carefully controlled 

firing, the minute particles of rock that have =—|105 Huntington Bank Bidg. Columbus 15, Ohio 

been formed into Clay through centuries of Ay ge <b ~ Bids. oa. — 15, Calif, 
‘ J c ’ : ly \ q icago 2, Ill, 

nature's purification are fused permanently to- 206 Connally Bldg. Atlanta 3, Ga. 

gether. Vitrified Clay Pipe needs no coating 

to protect it from the corrosive action of 

rol ane ground waters, soils, or industrial ) P E Cc i FY 

waste. It's chemically inert, completely safe 

from the acid attack that destroys so many 

materials. No other pipe offers all the necessary 

advantages of Vitrified Clay Pipe. That's why 


CHANNEL 
CLAY PIPE 
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SEWAGE 
i TREATMENT 
PLANT sesienes 2, 


Alexander Potter Assoc’s 
NEW YORK, N. Y. 


ary 
bytes 


The well designed di- 
gester control room 
includes the following 
items of P. F. T. Equipments . 


P.F.T. Model 370 Digester Heater & ©. F.T. Pressure gauge on gas supply 
Heat Exchanger, with output of 370,000 line. 

B. t. u. per hour for digester heating, 

plus 185,000 B. t. u. per hour for build- 

ing heating controlled through ‘‘DM’’ P.F.T. 2” Low Pressure Check Valve 


controls. on digester gas supply line. (a second 


; “ unit not shown) 
(B) Space heater with hot water supplied by 
circulating pump located on Heater & 
Heat Exchanger Units taking hot water ®) 
from bath of unit. 


P.F.T. 2” Pressure relief and Waste 
Gas Flame Trap on line to P. F. T. 3” 
Waste Gas Burner (not shown). 





P.F.T. 2° Flame Trap on gas supply 


line to Heater & Heat Exchanger. (a : 
second unit not shown) ©» F.T. Five Scale Pressure Gauge. 


THIS MODERN SEWAGE TREATMENT PLANT ALSO INCLUDES: 


2—P.F.T. Floating Covers to fit 43°'0" diameter digester. 
2—P.F.T. Supernatant Selectors. 

2—P.F.T. Supernatant Gauge, Sight Glass & Sampler Units. 
4—P.F.T. Manually operated drip traps. 


SEWAGE TREATMENT EQUIPMENT EXCLUSIVELY SINCE 


4241 RAVENSWOOD AVENUE CHICAGO 13, ILLINOIS 
NEW YORK @ LOS ANGELES @ SAN FRANCISCO @ CHARLOTTE,N.C @ DENVER @ TORONTO 
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New 200 mgd. Water Line 
in Denver Uses 10 Miles of 


CONCRETE PIPE 


ENVER’S new water line, “Conduit No. 20,” 
extending from its filter plant at Kassler to the 
city’s reservoir at Marston Lake, is supplying the 
city with 200 mgd. This giant water line consists of 
25,252 ft. of 90-in. concrete pipe in 16-ft. sections 
with 8-in. walls. Each section weighs about 21 tons. 


Conduit No. 20, a 3% million dollar project, 
replaces old wood stave lines laid many years ago 
over a more indirect route. 


This giant new water line is the latest in a series of 
water line installations in the Denver area. During 
1948 and 1949 earlier installations in this project 
used 30,003 ft. of concrete water pipe in sizes 
ranging from 24-in. to 42-in. 


Denver's extensive use of concrete pipe is typical 
of the preference for concrete pipe water lines 
throughout the nation. That's because concrete pipe 
has the strength to resist severe impact and to sustain 
heavy overburdens, because it has the durability to 
render low-annval-cost service. Concrete pipe, more- 
over, has no tuberculation to impair its hydraulic 


efficiency. Its dense structure and joints, which can 
be made watertight, prevent leakage and infiltration. 


Taste, odor and dirty water difficulties are mini- 
mized in concrete pipe water lines. That's because 
concrete pipe meets every operating requirement 
and in addition provides low-annval-cost service that 
pleases engineers and taxpayers alike. 

e 
Photos show two construction views of Denver's Conduit 
No. 20. Pipe made by Lock Joint Pipe Company, prime 
contractor. Laying operation by Gordon-Bressi-Bevanda. 


PORTLAND CEMENT ASSOCIATION 


33 WEST GRAND AVENUE, CHICAGO 10, ILLINOIS 
A national organization to improve and extend the uses of portland cement and concrete through scientific research and engineering field work 
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No water treating plant is 


completely modern without 


BECKMAN pH CONTROL 


Beckman pH Control is the tool with which modern water treating 


engineers are reducing purification costs, increasing operating effi- 


clencies and insuring a better, more uniform water supply in munici- 


palities large and small from coast to coast. 


sf 
Tyeice ocr 


* antral is o* 
OM ciation — 
cost on all type 


mini 
of tr 


+ of pH 


chem 
eatment. 


how owina set Accurate 


rential for effict 


micol 


Because Beckman Glass Electrode pH 
Equipment has pioneered one important 
pH advancement after another, it is 
widely recognized as the most advanced 
pH equipment available for all types of 
water and sewerage treating plants. It is 
installed in plants—both large and small 
—throughout the country. 

No matter whether you are building a 
new plant or modernizing an older one— 
and regardless of its size—it will pay 
you to get the complete story on how 
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Beckman pH equipment will step up effi- 
ciencies and cut costs on your operations. 
Our trained engineers have had wide ex- 
perience in this type of application and 
will gladly consult with you and make 
recommendations on the most efficient 
methods of solving your particular pH 
control problems. This service incurs no 
obligation. Write us outlining your pH 
problems. 


This Beckman Auto- 
matic pH Indicator 
is the most advanced 
pH instrument avail- 
able. Fully auto- 
matic, it gives con- 

tinuous indication of 

pH and also operates standard types of poten- 
tiometric recording and controlling equipment. 


—__ — 


FREE! Send for this special 
booklet “pH in Water Treat- 
ment and Sewage Disposal.” 
Full of helpful technical infor- 
mation and application data. 
Please ask for Bulletin 180A! 


BECKMAN INSTRUMENTS 


NATIONAL TECHNICAL LABORATORIES 
South Pasad 20, California 





ONE OF THE LARGEST water treating operetions | in the country—the los Angeles 
i. 


Metropolitan Water District—uses B 


yt to insure 





maximum efficiency of its treating operations. This is but « one of many similer Beckman 
pH installations in treating plants, large and small. 
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“Every individual connected with 


water purification or sewage 


works should subscribe to this 
publication. | have introduced it 
to a host of friends in this field’’ 


Testimonials such as this from 
subscribers to WATER & SEW- 
AGE WORKS really tell the 
story. The man who reads and 
tuses the magazine as an aid in 
his work knows how much it 
will benefit other workers in 


the field. 


The great REFERENCE & 
DATA issue alone is worth 
more than the yearly subscrip- 
tion rate. In it you will find 
formulae, charts and illustra- 
tions covering information not 
obtainable in any other one 
source. 


Supply of 1950 REFERENCE & DATA number is limited. 
If you are not a subscriber send your order today! 
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bape & SEWAGE WORKS 
‘est Maple Street 
Chicago 10, Ili. 


You may enter my order for | yr. @ $2. 
[7] Include R&D issue 2 yrs. @ $3. 
Check enclosed [] 
Send bill to 
My title is 
Address 
City... 
State .... BEATEN Iie 
{Add $1.00 per year for foreign postage) 


Zone 


oT eee 
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® /f you are interested in the water field 
only you get all the authoritative data 
on this subject. 


® /f you are interested in sewage prob- 
lems only you are kept fully informed 
and given much help in this field. 


® /f you are interested in both subjects 
you get all the information in this one 
monthly magazine. 





7o PROPORTIONEERS 7, 


PROPORTIONING PUMPS - DIATOMACEOUS EARTH FILTERS |” 


New lex Chem-O-Feeder Model 2-47 
capacity 8 GPH each feeding unit; 0 to 100 
p.s.i. Available Simplex, Duplex and Triplex 
models. 


Precision control with %Proportioneers% equip- 
ment is solving today’s most difficult problems of 
water and sewage treatment — eliminating inaccurate, hit-or-miss methods that 
FOR VARIABLE FLOW SYSTEMS Flow Pro: for years have plagued engineers. %Proportioneers% new Duplex Chem-O- 
EhomO-Feeder Feeds 0-3 GPM of 4100 pat s.i. Feeder illustrates up-to-date, precision control at its best. It feeds two different 
solutions, with feeding rates each instantly adjustable while the pump is operat- 
ing. You simply turn the knobs to set the stroke lengths — a magnifying register 
glass shows exact reading in thousandths of an inch over a range of 2 to 13 cc 
per stroke. The clear plastic See-Thru reagent heads handle any chemical used 
in the water works field and reveal the constant flow of solution feed. The line 
of %Proportioneers% equipment is complete — over 30,000 installations are 
setting new standards of precision control and dependable operation. Write for 
bulletins and recommendations. 


7o PROPORTIONEERS, INC. 7% 


350 Harris Avenue, Providence 1, R. |. 
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Ilustrating 4 stages of construction 
and the completed 140,000 gallon 
Water Sphere, 130 feet high; fabri- 
cated in the HAMMOND IRON 
WORKS shops at Warren, Pa., and 
erected in the middle west for one 
of the largest radio and television 
firms. This HAMMOND WATER 
SPHERE was erected for fire protec- 
tion in the event of a break in city 
water mains or any emergency 
which would cause a reduction in 




















ew HAMMOND iron works 


WARREN, PA 
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BRISTOL. PA 





oy Y A 4a 5 ae 7. 
Water Filtration Plant 


COMPLETED IN 1949 


necessitated extensive changes and additions, all of which were carried to 
completion without interrupting service from the existing plant. The new 
construction project, affecting every phase of the plont from the intake at the 
Dan River to the Ballou Park Reservoir, brings plont roted capacity up to 9 MGD. 
In the new water treatment plant, os specified by the engineers, Chas. T. Main, 
Inc., Omega Feeders are utilized for adding the chemicals required to control 


taste, odor, and pH of final effluent. The new feeders were installed by _ 
V. B. Higgins Co. under the joint direction of Howard A. Johnson, Supt. of 


Water Treatment; E. M. Hewkins, Jr., Manager of the Water, Gas and Electric 


Departments; and t. R. McClung, Supt. of Water Distribution. For Bulletins 


describing Omega equipment, address Omega Machine Company (Division of 
Builders Iron Foundry), Providence 1, R. |. 


Contractors 


Greensboro, N.C 





as 


HOWARD A. JOHNSON 
Supt. of Water Treatment 


Danville, Va. 


Omego equipment furnished for the 


Danville Water Treatment Plant: 


3—Medel UF-1 Universal Feeders 
(l-elum, 1-sede esh, |I-hydreted 
lime). Feeding rates: 5 te 2007 
per hr. Extension hoppers with 
high and low level controls, dust 
collectors, high speed mixers, and 
dissolving chembers with float 
boxes. 


1—Medel RL-7 Roteleck Feeder for 
feeding carbon at rates from | to 
100 per hr. Extension hopper, 
dust collector, high speed mixer, 
and dissolving chamber with float 





. 
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THE 
MORE ABRASIVE 
YOUR LADING 
THE MORE YOU 
NEED... 


CLC. cylindrical plug valves 


They alone provide the full-pipe-area passage, and 
straight-through round* porting, that can banish 
abrasion troubles. Lubricant-sealed from contact with 
the lading, the precision-machined plug does not wear 
or need attention, other than an occasional turn 


of the lubricating screw. Why use less efficient valves? 
“Also everieble with tull-pipe-eree rectonguier port, 
v* no ae. 


ace acl. PLUG VALVES 


ay mre eg ‘; * Write for Catalog 4-W S describing types and sizes, 
than 50 ®@rich* to: American Car and Foundry Company, Valve 
priacipel cities Division, 30 Church Sereet, New York 8, N. Y. 
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: Lhis slurry bed stays put! 


... and troublesome variables are out 


WORTHINGTON SLURRY 
TYPE PRECIPITATING WATER 
SOFTENER AND COAGULATOR 
gives consistent, uniformly 
softened water 
If it’s clear, uniformly softened 
water you want, this unique Worth- 
ington Water Softener is just what you 
need. Concentrated quick mixing and 


Vortex mixi 
ports 1, niOe eliminates 
in the W, a need for » ‘ 
cipitation W Orthington Cold erged ' 


REA 
woter in 


Pri 
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P, moving 
Softener and ov Type Pre. 
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ge remove CONceNtratoy. (F) ed 
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rapid recirculation of applied chem- 
icals and raw water, achieved by by- 
draulic energy instead of submerzed me- 
chanical moving parts, is an important, 
progressive development in the water 
treatment field. 

New Bulletin W-212-B5 gives you 
16 pages of vital facts about this 
unique cold process water softening 
method. Write for your free copy today. 


Features 

Give You The 
Uniformity 
You Want 





Worthington all four 
water conditioning processes; there- 
fore, can give you unbiased recom- 
mendations on which process is right 
for you . . . further proof that rhere’s 
more worth in Worthington. Worthington 
Pump and Machinery Corporation, Water 
Treating Division, Harrison, N. J. 


engineers 


40.1 


WORTHINGTON 
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WATER CONDITIONING 


Worthington Makes More of the Equipment for All Types of Water Conditioning Systems 
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The LEOPOLD Glazed Fire Clay 
TILE FILTER BOTTOM 


Permanent * Non-Corrosive * Economical 


Designed to completely eliminate the many difficulties previously experienced 
with underdrain systems, the Leopold Duplex Filter Bottom has proven en- 
tirely successful in well over 100 municipal and private purification plants. 
Produced from de-aired fire clay—vitrified and salt glazed, this unique filter 
bottom is impervious to attack by acid or alkali solutions, won't absorb any 
detrimental amount of water, and will last a lifetime. 


The Leopold Filter Bottom is composed of separate blocks, each covering 2 
square feet of filter floor and weighing approximately fifty pounds per square 
foot. These individual blocks are set level and firmly joined together, thus 
forming a strong bed that is not disturbed by wash water. The Leopold 
Duplex System assures a positive and equal collection of filtered water, reduces 
loss of head, and makes possible reduction of pipe and valve sizes. 


CHECK THESE FEATURES OF THE LEOPOLD FILTER BOTTOM 


The laterals and distributing blocks are all combined in one © With this design, only a shallow depth of the smaller sizes of 


Standard Filter Block 


unit. 

Blocks are made from high grade de-aired fire clay, vitrified 
and carefully salt glazed so that they're practically non- 
absorbent. 

System is always kept in sanitary condition with no corrosion 
or tuberculation anywhere in the filter bottom. 

The filter bed is divided into sections of about 2 square feet. 
This insures equal filtration, also equal distribution of wash 


filter gravel are required. 

Loss of head is extremely low as the head is just sufficient to 
insure equal distribution when filtering and back washing. 
Readily adaptable to any rectangular filter units. 

Blocks are combined into one heavy, strong unit. 

Life of this filter bottom is extremely long. 

Highly efficient performance in well over 100 purification 
plants. 


water over entire bed. 


Complete Filter Bottom Showing Wash Water Distribution 


Literature and complete details on request! 


F. B. LEOPOLD CO., INC. 


Water Purification and Sewage Plant Equipment 
2413 W. Carson Street Pittsburgh 4, Pa. 
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Reliability and Eiticiencs 


STILL PROVING IT IN 


1950 


ECATUR, ILLINOIS chose ACCELATORS in 1944 for 

their water treating plant . . installed to help serve war 
industries. ACCELATOR was selected because of its remark- 
able performance record in over 1100 installations from coast to 
coast which treat ONE BILLION Gallons of water every day! 
Simplicity of design, sturdy construction, so few movable and 
mechanical parts, were added considerations that won 
Decatur’s approval. Today, én 1950, its reliability and operating 
efficiency is still being proven day after day! 


Pictured below is the Decatur installation, consisting of 2 
ACCELATORS, each 54 feet in diameter. Together, they can 
economically soften and clarify 12 MGD. Lake Decatur water 
is treated . . the Lake formed by damming the Sangamon River. 
Turbidity after treatment averages 2.0 PPM, usually less! 


If treating water or waste is a subject of interest to you, by all 
means send for our new 28-page bulletin No. 1825. Learn how 
ACCELATOR can .. 1. Save up to 80% in space, 2. Give 
simpler operation, 3. Faster chemical reaction, 4. Higher 
ratings, 5. An exclusive slurry recirculating feature which pro- 
duces better, clearer water in less time. Let our competent engi- 
neers help you with your problems. No obligation. Write today. 


Se 
NFILCo 


© BETTER WATER CONDITIONING ® 
AND WASTE TREATMENT SINCE 


4 
+ 
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WORLD'S LEADING MANUFACTURERS OF WATER CONDITIONING AND WASTE TREATING EQUIPMENT 
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Arrowhead Grating is made to fit the job, eliminating the waste and expense of field cutting. 
All pieces are punched and bolts furnished to make a one piece floor or walkway when in- 
stalled. 

Arrowhead Grating is comfortable and quiet to walk and work upon since the pattern pro- 


vides bars extending in every direction. 


Arrowhead Treads are de- 
signed to include a definite 
slip proof nosing that will 
not become distorted even 


under extremely heavy use. 


ARROWHEAD IRON WORKS 


1010 Gentry 3616 Clinton Drive 
North Kansas City 16, Mo. Houston 20, Texas 
Phone NOrclay 312! Phone: Charter 4129 


Write for our catalog. 
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MONTREAL, 
CANADA 


Rapid Sand Filtration Plant 





¥. DORRA NCE 
Engineer in Charge 


E. KILPATRICK 
Chief, Filtration Plants 

















Builders water works equipment 
furnished Montreal Filtration 
Plant: 
20” Venturi Effivent Rate Con- 
trollers 
Filter Loss of Head, Rate of Flow 
Gauges 
Master Control Filter Rate Setting 
ese om Sy Units 
criiege: ped hisitgen san heen ots Portable Send Expansion Indica- 
and ‘ é tors 
a. L . - . i Venturi Meter with Chronofic 
poe Km, ee Soha Se rey : Telemeter Totalizer — indicator 
; , — Recorder for Wash Water 
re | j Automatic Sluice Gate Positioners 
attr ee al ED BS : te Control Level in Verious 
pete Channels 


ee 3? lee & 2.435 ; 
> re bese er, 
: é fed Milling 82 Ss 4s 
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NEWPORT 
NEWS 
MECHANICAL 
RACK 

RAKE 


WA TER users 


troubled with trash are in- 


Tre Newport News Mechanical Rack Rake 
is a power-operated rake for cleaning trash 
racks at water intakes for hydroelectric 
plants, steam plants, pumping stations, ca- 
nals and similar installations. It cleans the 
rack bars of trash and reduces a former 
major hand operation to one of minor peri- 
odic activity. With Newport News Mechan- 
ical Rack Rake installations, one man per 
shift can, under ordinary conditions, keep 
the racks clean for a dozen bays. 


vited to write for new de- 


scriptive rack rake catalog. 


NEWPORT NEWS SHIPBUILDING AND DRY DOCK COMPANY 


NEWPORT NEWS, VIRGINIA 
This page is reserved under the MSA PLAN (Manufacturers Service Agreement) 
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the NEW COLEMAN (X9 pH METER 


offering Coleman precision... plus line operating convenience 


J DIRECT READING. ... duc! scale meter calibrated 0-8 and 6-14 for continuous, direct reading of pH or milli- 
volts. One switch for scale selection. 


2 ACCURATE ... to 0.05 pH with proper technique. Unaffected by line voltage variations . . . fully protected from 
moisture and humidity. 

~é FAST .. . instont reading ... just flip the switch and the needle indicates the exact pH or millivolts. No annoying creep 
or oscillation. 

> STABLE .. . Complete Stobility 5 minutes ofter starting. Settings remain constant and reproducible over long periods 


without resetting or restandardizing. 


* CONVENIENT... Easy-to-operate—Easy-to-read well protects the electrodes when not in use. The black plastic 
cose is stain ond corrosion proof. 


Write today for Bulletin FB-221 for a full description of 
this New Coleman contribution to laboratory accuracy. 


COLEMAN INSTRUMENTS sorririrercne scores cure 


318 MADISON STREET, MAYWOOD, ILLINOIS 
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- 


and 
HYDE-RO RINGS 








An efficient way 
to join Cast Iron 
Bell and Spigot Pipe 





The use of HYDE-RO RINGS with 
TEGUL-MINERALEAD is recom- 
mended by Atlas for best results. 
These two jointing materials are 
easy and clean to work with, eco- 
nomical, and require no skilled 
labor. For complete details on these 
two Atlas products, write us at 20 
Walnut Street, Mertztown, Penna., 
ge Bulletins No. M10-1 and 
10-5. 


Suppliers of G-EK. the original 
hot poured bituminous Sewer 
Joint Compound, and ATLAS- 


TIC 77, ready mixed cold trowel 


type Sewer Joint Compound. 
Special bulletins available 


upon request. 





THE ATLAS MINERAL PRODUCTS COMPANY 
MERTZTOWN, PENNA HOUSTON, TEXAS 


*Trade Mork Registered 
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The following Chemicals are efficiently and economi- 
cally handled by DRACCO Pneumatic Conveyors in 
Water Works and Sewage Treatment Plants located in 
all parts of the country. Alum, lime soda ash, baux- 
ite, ferrous sulphate, pebble lime, activated carbon, 
and ammonium sulphate. 


A PARTIAL LIST OF DRACCO INSTALLATIONS 


FRIDLEY FILTRATION PLANT Minneapolis, Minn. 
DALECARLIA P Washington, D.C. 
MUNICIPAL W Sandusky, Ohio 
MUNICIPAL WA . lowa 
Ottawa, Ontario 

Niles, Ohio 

Columbus, Ohio 

Peru, Il. 

PLANT. Ft. — — Kans. 


jamilton, Ohio 
TION PLANT 


El Reno, Oklahoma 

Grond Forks, North Dakota 
Pittsburgh, oy 
Wichita, Kansas 
Indianapolis, Ind. 

WATER mer Wis. 
MUNICIPAL Chillicothe, Ohio 


WA 


Write for Bulletin No. 526 


DRACCO CORPORATION 


4079 E. 116th St., Cleveland 5,0. * 


| PNEUMATIC CONVEYORS ¢ DUST COLLECTORS 





New York Office, 130 W. 42nd St. 


PROCESS EQUIPMENT 


DIVISION 


Modern Sewage Treatment Plants 


activated and digested sludges. Type “L”, with patent- 
ed fire-conduits to eliminate scorching or burning, 
produces a uniformly high quality maximum yield 
of dried product for fertilizer or earth conditioner. 


require equipment that has proved itself 
efficient and is backed by individual re- 
sponsibility for design, engineering, fabri- 
cation and initial operation. 


General American Conkey Sludge Filters— 
the first to be used for large scale dewater- 
ing of sludges such as primary, elutriated- 
digested, Guggenheim Process, etc.— are 
dewatering more than a thousand tons of 
dry solids daily. 


General American Leuisville Dryers have 
been successfully used for years drying both 


Let the experience and knowledge of General 
American engineers help you while your plans are 
in the blue print stage. 


OTHER 
GENERAL AMERICAN EQUIPMENT 


SLUDGE DRYERS 
SLUDGE GASHOLDERS 





TURBO-MIXERS 
STORAGE TANKS 


THICKENERS 
SCREENING DEW ATERERS 











GENERAL AMERICAN TRANSPORTATION CORPORATION 


Process Equipment Division 
SALES OFFICE: 10 East 49th St., Dept. 830C, New York 17, WN. ¥. 


WORKS: Sharon, Pa., East Chicago, ind. 


TRADE MARK 





OFFICES: Chicago, Cleveland, Louisville, Orlando, Pittsburgh, St. Louis, Sharon, Washington, D.C. 
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RONDO 


COMPOUND 


Not one reported failure of 
-BOND-0 Jointing Compound! 


BOND-O Self-Caulking Compound is in use by 
more than 600 municipal and private water 
companies—as well as in |! foreign countries 
. . and not one single case of BOND-O joint- 
ing failure has ever been reported. 
BOND-O is homogenized. BOND-O's unique 
machine blending process gives you uniformity 
of performance—uniformity of strength—uni- 
formity of tightness—uniformity of bonding— 
and uniformity of sealing. 
Sulphur, carbon, iron, silica, right down the line 
—only the best and purest ingredients are used. 
BOND-O's selection of these basic materials 
and exclusive machine blending process are your 
assurances that BOND-O joints will give you 


the same service that you expect and receive 
from the good cast iron pipe on which it is used. 


For what other jointing compound 
can such claims be made? 


SPRING VALLEY, NEW YORK 
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PUMPING 
INDUSTRIAL WASTES 


IS YOUR 


HEADACHE—- 


SEND FOR 
THESE BULLETINS! 


Bull. #419 
“Sumps for 


‘VS’ Pumps” 


Bull. #400 (Shows Penna. 


“Pumping Solids” approved construction! 


THE MOST VERSATILE 
LINE OF HORIZONTAL 
& VERTICAL PUMPS 
AVAILABLE .... 


BARRETT, HAENTJENS & CO. 
HAZLETON, PA 


Pittsburgh, Penna 
Huntington, W. Va 


Birmingham, Ala 


Phoenix, Arizona 





Laccenreny-sdate aaa 


4 Gold Bor Bond 
wane” | ME 


Simplify your water purification problems 
with one of these TESTED lime products. 
Guaranteed uniform high calcium oxide content. 


Write for information on your requirements. 


NATIONAL GYPSUM COMPANY, BUFFALO 2, N. Y. 


High Calcium Lime Plants at Kimbaliton, Va., Bellefonte, Pa., and York, Pa. 


DIXIE TANK AND BRIDGE CO. 


3523 LAMAR AVE. P. O. BOX 14 
MEMPHIS 1, TENNESSEE 





Complete Service for E/evated Water Tanks— 
Nation Wide Service—30 Years Experience 


KEEP THE SAFETY FACTOR IN 

YOUR TANK THE DIXIE WAY 
By welding seams, pits and rivets which gives a 
riveted tank 15% more Safety Factor than it had 
when built. No rivets removed, water supply main- 
tained while work is in progress. On completely re- 
conditioned jobs, the painting is guaranteed for 
five years, repairs guaranteed for ten years, pro- 
vided the tank is painted every five years. Yearly 
inspection, making all adjustments, if any, without 
additional cost. 
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Write Us for Free Copy of Publication 


SOUND PRINCIPLES OF WATER TANK MAINTE- 
NANCE and TANK TALK, by W. A. RILEY 


—SAFETY—SERVICE—SATISFACTION— 
COPYRIGHT 1949 


THE L 
THE SILENT WATCHMAN rye CCAR ATI OF ES ITS KIND GIVING 


. ON i 
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the EM. OPEN /L00R 


_for aren? ee 


plate nosing, twisted crossbor 
nesing of abrasive nesing 








 Electroforged into one BLAW-KNOX 

pees rear strong sven. ae 
piece « non-slip 

bar for safe footing « Open Flooring + Sidewalk 
maximum open areas Doors * Bridge Surfacing 
self-cleaning, with no °* © ° . 


corners to clog « easily Subway a laa 





installed « easily main- 
tained « adaptable to Send for BULLETIN 2296 
many uses, indoors and rosa! 
out, for every industry. 
BLAW-KNOX DIVISION of Blaw-Knox Company 
2051 Farmers Bank Bidg., Pittsburgh 22, Pa. 
Offices in Principal Cities 


BLAW-KNOX ‘Sxatine 





KLETT SUMMERSON 
ELECTRIC PHOTOMETER 


Adaptable for Use in Water 
Analysis 


Can be used for any determination 
in which color turbidity can be de- 
veloped in proportion to substance 
to be determined. 


KLETT MANUFACTURING CO. 


179 EAST 87th STREET © NEW YORK 28, N.Y. 
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| of your supplier or write: 





A proven method for 
taste and odor control 
in a convenient package 


BLACKALUM offers: 


% Time tested activated carbon mixed 
with high-powered ACTIVATED 
ALUM. 


% A standard 4% mixture of carbon or 
any special percentage you may re- 
quire. 


% Activated carbon in a dust-free form. 


% Activated carbor whict is wetted as 
the alum dissolves—no floating. 


Activated Alum Sales Corporation 
516 North Charles Street 
Baltimore 1, Maryland 











Ow you can machine 


TRANSITE PIPE 


MACHINING TOOL 
Now a simplex coupling can be used at 
any point where pipe is cut. Save time 
in the field and utilize all odd lengths. 


Duplicate factory machining in the field 

or shop on asbestos— 

cement pressure pipe 

with this specially en- PRESSURE PIPE 
gineered hand tool—for imenen. 

all pipe classes through 


8” nominal (10” O. D.) Ask about the new 
Model 4 Pilot Pipe 


Shipping weight 17 Ibs. Cutter. Saves time 
List price . . $78.00 —money. Easy to use 
freight added ... fast — accurate. 














4270 MARKET STREET SAM FREAMCISCO Th CALIFORNIA 


Distributors wanted. Write for details. 





oS) TEES See 
ee ie 


MALLEABLE IRON BODY! 
Maximum resistance to breakage 
via fg rae eae; at Léf : r oe 
BODY HEAVILY GALVANIZED! 
Maximum resistance to corrosion 
i RTO 
THICK BOSS! 


Permits full thread lengths 


CANTILEVER DESIGN! 
Maximum strength at stress points 
NEOPRENE GASKET! 


») Durable—Resilient—Forms a leak-proof 
seal. Cemented to body for easy-in- 
stallation. (Lead ring gasket furnished 

— if specified) 
Boag . 


QUALITY FEATURES 


- APPLY TO BOTH SINGLE AND 
ACCURATE UNIFORM THREADS! * DOUBLE STRAP CLAMPS 
— Precision gauged—meets recognized ~ 
thread standards 


TE gee tee 


ee ee ae Me Rae aaa —" 
oA Eg ens es 5 eee Sta 4 


eT ey eee, PRS on. 5 ‘ue Yeu 
Ein oie Sb angie ve MONEE 


» FULL.STANDARD STRAP THREADS! 
Threading performed after strap bend- * 
me ing, assuring no forging distortion or 
“burn”. Threads and straps then heav- @& 
ily cadmium plated 
“ _— 


LARGE CADMIUM PLATED NUTS! 


Plated inside and out 


*S FLATTENED STRAPS! 
Gives wider bearing surface—more 
friction—eliminates loosening of clamp § 
that occurs with round straps Z 


Bee RLS aa Ss ; ’ ol 
a ACCURATE CURVATURES! 2 : ' 
ee Engineered to fit any type of pipe 
Write for Bulletin 8745 
Me HREGULARLY FURNISHED AT NO EXTRA CHARGE 


}MUELLER CO. 


MAIN OFFICE AND FACTORY DECATUR, ILLINOTS 
OTHER FACTORIES s A ‘ Chattans« 1 
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Porous Disc Underdrains 
for Smaller Softeners and De-lonizers 


In rapid filters and large softeners, 
ALOXITE aluminum-oxide underdrain 
plates are already used extensively. The 
— are obvious — these plates elimi- 

ate graded gravel, with all its costly 
difficulties—and they permanently pro- 
tect the media. 

This success with large installations 
has focused attention on the possibility 
of using similar material for smaller- 
€apacity units. Such material is available 
in the form of ALOXITE porous discs. 


Applied to smaller de-ionizers and soft- 
eners, these porous discs permit the use 
of more exchange material in a given- 
size pressure shell. As a result, longer 
runs are possible. Or, in a new installa- 
tion, the height of the shell can be 
decreased for the same amount of ex- 
change material. In actual practice, the 
user will ordinarily gain the most by 
keeping to the full-size shell, using 
more media and taking advantage of 
the longer runs. 


"Carborundum” and “ Aloxite” are registered trademarks which indicate 
manufacture by The Carborundum Company 
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POROUS BOTTOM TRICKLE... 


lon-exchange and softener units, of 
b the design shown below, are offered 
as standard equipment by Wilson Engi- 
neering Company, Little Rock, Arkansas 
The porous underdrain disc is indicated 
in color in this drawing. 


Several other well-known softener 
) and de-ionizer manufacturers can 
supply units using ALOXITE disc under 
drains. These follow a similar split-shell 
construction. 











6 A number of users report that they 

save time in the initial charging of 
units which use porous underdrain discs. 
Zeolite or ion-exchange material is simply 
dumped into the shell after assembly. 
Careful placing of support gravel and 
media is unnecessary. 


TECHNICAL DATA 


on porous media and their application 
is available on request. You may obtain 
any or all of the following engineering 
bulletins by writing Dept. M-50. 

No. 1 — Aeration of Sewage and Water. 
No. 2 — Underdrain Systems for Filters 

and Softeners. 
No. 3 — General Catalog information. 


THE CARBORUNDUM COMPANY 
Refractories Division 
PERTH AMBOY, NEW JERSEY 





Small in size but completely modern 
in every detail, the new Webster- 
Crestwood Sewage Treatment 
Plant, St. Louis County, Missouri, 
was developed and is owned by 
Russell & Company, Inc., operating 
engineers. It serves portions of 
Webster Groves, Crestwood, and 
a section of St. Louis County, 
Missouri. The ultimate design is to 
handle sanitary flow from 1400 
acres. The present plant is flexible 
in design and construction and can 
be expanded as the requirements 
demand. Russell & Company, Inc. 
made extensive use of wrought 
iron in the various “hot spots” 
where severe corrosion is always 
encountered. Byers Wrought Iron 
pipe was used in sludge pump 
piping and return pump piping. 
Byers Wrought Iron hot rolled ma- 
terial was utilized in the weir plates; 
diversion gates, and run-off chan- 
nel gates. 

You can't get away from corro- 
sion in any sewage treatment plant 
—but you can keep corrosion from 
getting away from you, and loading 
the installation with back-breaking 
maintenance and repair expense. 
Wrought iron has been used in 
practically all of the trouble-spots 
in modern plants, and has proven 
its superior corrosion-resistance 
many times over. You'll find it prof- 
itable to investigate the record it 
has made, as a guide in your 
own construction and maintenance 
work, 


The reason why wrought iron 
has made such an unusual showing 
is found in its unusual composition 
and structure. Tiny fibers of glass- 
like silicate slag, threaded through 
the body of high-purity iron halt 
and disperse corrosive attack. This 
discourages the pitting and rapid 
penetration that generally causes 
premature failures in vulnerable 
materials. The fibers also help to 
anchor the initial protective scale, 
which shields the underlying metal. 

You will find some helpful in- 
formation on the use of wrought 
iron in sewage plants in our bul- 
letin, WROUGHT IRON FOR 
SEWAGE TREATMENT AND DIS- 
POSAL INSTALLATIONS. If you 
have a problem in connection with 
some particular service, we will 
be glad to supply a report of user 
experience with wrought iron 
under similar conditions. 

A.M. ByersCompany, Pittsburgh, 
Pa. Established 1864. Boston, New 
York, Philadelphia, Washington, 
Atlanta, Chicago, St.Louis, Houston, 
Salt Lake City, San Francisco. 
Export Division: New York, N. Y. 


CORROSION COSTS YOU MORE THAN WROUGHT IRON 


Wrought iron weir plates 


tie 


| 
| 


Wrought iron piping 
to intermediate return pumps 


Wrought iron sludge pump piping 


Water & SEWAGE WorKS, May, 1950 








MSDONALD CRAFTSMANSHIP 


in waterworks brass 


McDonald “Diamond Line” curb and corporation 
stops are smooth in operation, dependable in 
service. They are precision made from 85-5-5-5 
metals with every step from foundry to final in- 
spection and testing under rigid control. Ground 


£-4721 


Solid bros tee handle curb stop. Inlet Lev fit close for perfect sealing, yet turn easily 


copper pipe, outlet iron pipe thread. £-4717 


for trouble-free servicing... clean threads mean Minneapolis pattern curb stop. Both ends 
copper pipe couplings. Now furnished 
easier, faster installation...full waterways assure with combined cap and tee handle. 
maximum flow. 
For real economy in waterworks brass, for 
items designed to stay on the job and keep main- 
tenance costs low, specify McDonaid—for 94 


years only the best. Write for literature and prices. 


£-4713 
Combined cap and tee handle inverted key 
curb stop for copper pipe, both ends. 


Curb Stop for on pipe. Minne — 
. 7 . Combined cap and tee handle inverted key 
epolis pattern. Solid brass tee handle. curb stop. inlet copper pipe, ovtiet iron 


A. Y. MCDONALD MFG. CO. 
DUBUQUE, IOWA 


e PUMPS « OIL EQUIPMENT 
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PROTECT 
YOUR MAINS 
BY USING 
FIBREX 


THE BACTERIA FREE 
JOINT PACKING. 


HYDRO-TITE AND FIBREX IN STOCK IN 
Portland, Oregon Seattle, Wash. 


Kansas City, Mo. Memphis, Tenn. 


Birmingham, Ala. Orlando, Fle. 
Lite Falls, N. J. Boston, Mass. 














{HYDRO-TITE) 





A pair of “Bull Dogs” like these and a three-inch star 
collar were standard equipment. Probably a sailor straw 
a gaily striped band rounded out the ensemble. 


Even back in those days HYDRO-TITE was doing its job 
making joints in cast iron water mains that were being 


away for keeps. ‘ 


Styles have changed but HYDRO.-TITE is still doing its j@b. 
Those joints are right there serving you twenty-four hours 
a day. a 
HYDRO.TITE is still made in powder form packed in 100-lb. 
moisture-proof bags, and now is obtainable also in “LITTLE- 
PIG” solid form in 50-lb. cartons. 


Let HYDRO-TITE go to work for you. 


MAIN SALES OFFICE 50 CHURCH ST., N.Y. 
General offices and works W. Medford Sta., Boston, Mass. 


HYDRAULIC DEVELOPMENT <n 
Cc. 





ai pi da 


fe the yeers go by and water supply exp y, ROBERTS FILTER is invariably 
called beck te take core of the additional requirements. Listed below are but a few of the 
clients thet we heave been pleased to serve again and again. 





City of Charlotte, North Carolina Proximity Mfg. Co.—Greensboro, N. C. 
City of Montreal, Canada City of Tonawanda, New York 

City of Edmonton, Alberta, Canada 
City of Barranquilla, Colombia 

City of Gadsden, Alabama 

City of Athens, Greece 

Ecvste Paper Corporation City of New Iberia, Louisiana 

City of Albemarle, North Carolina BB City of Fayetteville, North Carolina 


City of Newport News, Virginia City of York, Pennsylvania 


E. |. Du Pont de Nemours & Co. 
City of Lynchburg, Virginia 
City of San Juan, Puerto Rico 


* GRAVITY & PRESSURE FILTERS * FILTRATION PLANT SPECIALTIES 
* WATER TREATMENT EQUIPMENT * RECIRCULATION APPARATUS 


ROBERTS FILTER 
MANUFACTURING CO. 


607 COLUMBIA AVE., DARBY, PENNA. 
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In thousands of municipal 
— — — ~~. and industrial 
water la 


» CALGON 
7 ae scale 


PREVENTS 


_— 


For detailed information, including a 


LIME SCALE list of typical applications, send for this 


bulletin. Just fill in and mail the coupon. 











CALGON, INC. 


HAGAN BUILDING 
PITTSBURGH 30, PA. 


Please send me your bulletin, algon 


Scale.” 
*T.M. Reg. U.S. Pat. On. 


Name 
Position 


calgon, in c. Company 


HAGAN BUILDING Street and Number 


H 30, PA. City 








o 








Water & Sewace Works, May, 1950 





Why TRIDENT Meter (5 (0ST LESS 


a GIVE YOU THE MOST REVENUE ° | 


AND? 














AP a (24 
For accuracy, protection against 
wear, breakage. 


CONSTRUCTED 


With Sand King — 3. part Wl 
with Thrust Police. Reiiadd le 
sila ties <lllta Bearing Plate. 


KESULTS 


Long lite. Sustained accuracy, 
Sand ving excludes quit etc., 








3-part Disc permits compensat- | 
ion for wear, Thrust Koller prevents 
Disc breakage. Renewable voller 
bearing plate tukes wear from 
Chamber quiets operation. 














HE measuring chamber is the heart of the Trident 
Meter. That’s why it is so carefully made, so 
J? essentially simple, so well protected... triumph of 
A 
{experienced Neptune design and construction — the 
@ ) principal reason why you can ’t beat Trident Water 


)JA Meters for maximum revenue and minimum mainte- 


nance cost. 


214 
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SPARTANBURG’S WATER WORKS 


A Story of 30 Years of Progress and Expansion Under a 


years 


1IRTY 
Works of Spartanburg, South Carolina, employed 


anew Wa- 
ter Superin- 
tendent to as- 
sume charge of 
their water sys- 
tem which was 
then inadequate 
and obsolete. 
During the 
years which fol- 
lowed the sys- 
tem grew and 
was made over 
into a modern 
and efficient 
plant, with an 
average daily 
water use many 
times that re- 
quired in 1920. 
Spartanburg’s 
system not only 
has kept pace 
with require- 
ments during 
the years since, 
but has always 
been a few steps 
ahead. In all 
these years 
there was never 
a water short- 
age and suffi- 
cient water of 
adequate qual- 
ity has always 
been available 
to fulfill domes- 





ago 


the 


Superintendent With Vision and Support 


of a Far-sighted Commission 


Commissioners 


by 


H. F. WIEDEMAN 
WIEDEMAN & SINGLETON, ENGINEERS 
ATLANTA, GA. 


of 


Public 


tic and industrial requirements—in fact, enough to per- 
mit special summer sprinkling rates and encouragement 














Bronze Plaque Commemorating Piant Dedication 
“In Recognition of the Outstanding Vision and Service of Superintendent R. B. Simms.” 


of the public ta 
maintain beau 
tiful lawns an 
gardens. 

On June 29 
1949, the Com 
missioners 0 
Public Work 
officially name 
the Wate 
Filtration 
Plant the“R. B. 
Simms  Filtra- 
tion Plant” in 
recognition of 
this superin- 
tendent’s out- 
standing serv- 
ice, and his con- 
tribution to the 
growth, health 
and recreational 
facilities of his 
city. The Com- 
missioners de- 
creed that a 
commemorative 
plaque be placed 
at the plant to 
record their ac- 
tion. On May 
11, 1950, the 
plaque pictured 
in this article 
was unveiled 
with appropri- 
ate ceremonies. 
Interestingly, 








184 


the principal address was made by a 
former water works who 
served as Chemist in Charge of the 
old Filtration Plant of Spartanburg 
during World War |—Linn Harrison 
Enslow, Editor of Water and Sex 
age Works Magazine, and immediate 
past-president of the American Water 
Works Ass'n. 


operator 


Che story of Spartanburg’s wate 
system is an interesting exemplifica 
tion of the faith of a man in the future 
of his city, and his ability to get 
things done which he felt necessary 
to make the growth and development 
of his city possible 


Water Supply in 1920 

he water supply of Spartanburg 
in 1920 when Mr. Simms took charge 
was obtained from several creeks near 
the city and was treated in a plant 
consisting of a sedimentation basin, 
dug out of the hillside during World 
War I, and wood-tub filters. Water 
was discharged into an open clear 
water well from which it was pumped 
into the system by two steam driven 
cross-compound engines. 


Flat rates were charged all cus- 
tomers and average water use was 
2,000,000 gallons daily. Installation of 
meters was promptly started, and by 
1922 water use had decreased to 1, 
500,000 gallons daily. Thereafter wa- 


SPARTANBURG’S WATER WORKS 
ter use turned upward and continued 
to increase, reaching 2,000,000 gallons 
per day by 1924. The 1920 popula 
tion of 22,638 had risen to 25,000 in 
1924 

In 1924 an engineering study 
which indicated that the exist 


was 


made 


= 





The Author 


ing supply must soon be abandoned 
because of inadequacy and the en- 
croachment of industry and homes on 
the water shed and that the future 
supply should be obtained from the 
South Pacolet River, about twelve 
miles from Spartanburg 
Announcement by the Southern 
Railroad Co. that they proposed to 
construct large shops and a housing 
development on the drainage area of 
the existing supply resulted in the 
decision to start construction of the 


new South Pacolet supply at once 


The South Pacolet River: 


The South 
was selected as the source of the new 


Pacolet River, which 
water supply, rises in the foothills of 
the Blue Ridge Mountains at an eleva 
tion of 2,000 feet above sea level, and 
rapidly descends to an elevation of 
1,000 feet, which is the general level 
of the plateau. It flows in a south 
easterly direction to its junction with 
the North Pacolet River to form the 
Pacolet River, which is tributary to 
the Broad River of the Carolinas. At 
least 35% of its entire drainage area 
of 120 square miles is rugged moun 
tainous country and the balance of the 
area farms and forests 
The topography of the South Paco 
let’s drainage area is such that there 
is little possibility of future industrial 
development. Since the North Pacolet 
River carries the sewage of a numbet 
of towns and textile mills on its drain 
age area, and conditions in this section 
are favorable for further industrial 
growth, it was decided to locate the 
intake on the South Pacolet River 
immediately above the junction of the 
two streams. 

The rainfall conditions in the drain- 
age area are particularly interesting 
because rainfall in the mountainous 
section generally exceeds 60 inches 
per year while the rainfall in the Pied 


consists of 





r 





Old Filtration Plant and Pumping Station of Spartanburg 
Operated by Ye Ed. During World War I and Inherited by Supt. Simms—1920. 
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mont Plateau 
inches 


Initial Development of South 
Pacolet Supply: 

At the point selected for the de 
velopment of the supply the 
passed thru a narrow rocky 
[f a dam 50 feet in 
at_ the l 


} 
nead 
not only 


area 15 


rive! 
gorg« 
and over shoals 
height were constructed 
of the 
flow to the filtration plant by 
thus eliminating low-lift pumping 
there would be a total head of 63 feet 
available for the production of hydro 
The reservoir 
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shoals water would 
gravity, 


but 


electric power created 
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y the dam would impound one and a 
quarter billion gallons, 900,000,000 of 
the 
rainfall con 

4 000.000 


which would be available 
15 feet { 
ditions 
KW hours of energy could be ex 
pected, of which 1,500,000 KW hours 
first vear tor 
Further 
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nder average 


the production ot 


would be required the 
pumping and other plant use 
inquiry indicated that all excess power 
could be sold t electric utility 
system operating in this area 

\ reinforced dam 
constructed at the point indicated and 
water was to the power 
house located about 1.200 feet down 
stream from the dam thru a 78-inch 
steel penstock, from which water ts 
also taken for the filtration plant 

The power house was equipped with 


an 
was 


concrete 


conveyed 





SPARTANBURG’S WATER WORKS 

two 750 HP Francis Turbines direct 
connected to two 625 KVA, 2300 volt 
generators. High lift pumping equip 
ment consisting of three 4 mgd. motor 
driven centrifugal pumps were in- 
stalled in the power house. Switch 
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boards were installed so that 
could be drawn from or delivered to 
line; or, if de 


generated 


power 
the power company 
part of the power 
could be delivered to the pumps and 


sired, 
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the balance to the power company 
line 

rhe filtration plant consisted of two 
mixing and sedimentation basins and 
six one million gallon capacity filters 
discharging into a 750,000 gallon clear 
water well 

The high service pumps, located in 
the power house, discharged water 
through a 24-inch cast iron supply line 
about 15,000 feet long to a 3,000,000 
gallon reinforced concrete tank for the 
finished water. From this tank the 
water flows by gravity thru a 70 
centimeter 27.56 in. cast-iron pipe line 
to the city, where proper distribution 
pressure is maintained by a pressure 
regulating valve 

In order to provide more uniform 
Service and flow at con 


sumers’ taps, to prevent wide fluctu 


pressures 


ations in the supply line, and to pro- 
volumes of water for fire 
purposes, a 1,500,000 gallon elevated 
tank was constructed approximately 
at the center of the distribution sys 
tem 


vide large 


Growth and Plant Additions 


By 1939 the average daily load for 
the year had increased to 4.6 million 
gallons and daily consumption for the 
maximum month increased to 5.8 mil- 
hon gallons. Plant additions in that 


year consisted of an additional sedi- 





The 11 MGD R. B. Simms Filter Plant at Spartanburg 


Looking « 


icross “Rainbow Lake” at the Modern Plant Now Undergoing Fourth Enlargement Since 1926 
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Two Construction Views of the 40,000 ft. 24” Steel Pipe Line 
Spiral Weld Wrapped Pipe Jointed with Dresser Couplings. 


mentation basin and mixer and a 3 
mgd. capacity filter arranged to wash 
in two sections, an additional five mil- 
lion gallon pump, a 20-inch diameter 
steel discharge line to the high level 
reservoir and a 24-inch gravity line 
of spiral welded steel to the distribu- 
tion system. This line is protected 
with a spun bituminous enamel lin- 
ing and bituminous coated and 
wrapped with asbestos felt. 

There was now a normal filtration 
capacity of 9,000,000 gallons daily, 
while the gravity supply lines had a 
F capacity to deliver 15.4 million gallons 


is 


daily to the top of the 1.5 mg. elevated 
tank in the city. 

Under normal conditions this in- 
crease in capacity would have been 
sufficient for a considerable period in 
the future, but war activities at Camp 
Croft and additional domestic and 
industrial demands increased the aver- 
age daily consumption for the year 
1942 to an average of 7.7 million gal- 
lons daily, while the maximum daily 
eutput reached better than 10 million 
gallons in August, 1943. The peak of 
war consumption was reached in 1945 
with an average use for that year of 


8.3 million gallons daily and a maxi- 
mum day of 11.3 million. 

The conclusion of the war and the 
abandonment of Camp Croft reduced 
water use in 1946 by an average of 
approximately 1.4 million gallons daily 
below that of 1945. However, in the 
tollowing year this trend was reversed, 
and it became evident that by the end 
of 1950 maximum daily demand 
would again exceed normal plant 
capacity. To meet this anticipated de- 
mand plans were prepared in 1947 for 
again extending the plant. 

These extensions, upon which con- 
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Growth Chart of the Spartanburg Water Supply 


Showing an Interesting History Between the Two World Wars, Necessitating Two Increases in Plant Capacity Since 1926 
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struction is now nearing completion, 
consist of a 3,000,000 gallon capacity 
steel ground-storage tank which is 
located adjacent to the 3,000,000 gal 
lon reinforced concrete storage tank 
constructed in 1925, and operates in 
parallel with it 

At the filtration plant, a new mixing 
chamber and sedimentation basin have 
been constructed and new control 
equipment has been added. Raw water 
enters the control room thru a 30- 
inch pipe and a rate controller. The 


rate setting on the controller may be 
changed from a point convenient for 


the operator. Alum, lime or soda ash 
and chlorine may then be introduced 
before the water reaches a flash mixer. 
After 30 seconds of flash mixing the 
water is divided, part flowing to the 
three existing sedimentation basins 
and part to the new basin. Flow to the 
new basin passes thru a 36-inch line 
equipped with a meter and a hydraulic 
control valve by which the rate of flow 
to the basin is regulated 

The lower floor of the control house 
is arranged to store and handle one 
ton containers of chlorine and the 
chlorination equipment is _ located 
directly above the chlorine storage. 
Chlorination facilities are being im 
proved and a residual recorder has 
been added. 

The new mixing basin is of the 
gravity type and provides 30-minutes 
retention at three million gallons daily 
tate. Considerable difficulty has been 
experienced in the operation of sedi- 
mentation basins by deposition of 
settled material at the inlet end of the 
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“Hello! Mr. Simms” 
Characteristic of the Esteem for Their 
Water Supt. and Benefactor Was This 
Greeting from 3 yr. Old Sandra Holland, 
Enjoying the New “Rainbow Lake” Pool 

at the Filter Plant. 


basins, causing the basins to be cleaned 
more often than desirable. In the new 
basin the first 20 feet is equipped with 
sludge removal mechanisms which will 
eliminate this difficulty. The new sedi- 
mentation basin is so arranged that 
additional basins may be added as 
needed. 

Additional filters may also be added 
as needed but will not be constructed 
at this time because experience has 
demonstrated that, with pre-chlorina- 
tion, proper chemical application, im- 


187 


proved mixing and settling, filters may 
safely be operated at rates in excess 
of two gallons per square foot per 
minute. The present filters are ar- 
ranged in single bank but the new 
units when constructed will be in 
couble bank. The existing filters are 
being modernized by being equipped 
with surface wash. 


Hydro-Electric Plant Profitable 


Conditions were extremely favor 
able for the construction of the hydro 
electric plant in connection with the 
filtration and pumping plant. In the 
initial phase of the operation only a 
small amount of the available power 
was required in plant operation, the 
balance being sold at the power house 
switchboard. Power could also be 
cbtained from the power company in 
emergencies and the capacity of con- 
necting lines was such that speed con- 
trol was simplified. 

The power produced became more 
valuable to the city, as the quantity 
used for pumping increased, and the 
power plant which cost $350,000 whe 
constructed was fully amortized it 
twenty years. 

Raising the river level eliminate 
all low lift pumping, and stream regu- 
lation due to the use of storage also 
made it possible to divert up to an 
average of 10 million gallons daily 
from the stream without damage to 
industrial power plants operating on 
the river below the site. There are 
no transmission lines and the plant is 
cperated and maintained by the usual 
filter plant personnel 
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Leoking from the Filter Plant Across “Rainbow Lake.” Enjoyed by Th 


The Swimming Pool and Boat House Are at Far End. Picnic Grounds Are Beyond. 
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“Guardian Sentinel” 
pS partanburg's 15 M.G.(R 
Very 


Power is sold on a “dump-power” 
basis at a comparatively low rate, 
while it must be purchased by the 
city at the published commercial rate 
The value of power generated com 
puted upon the commercial rate for 
power used in pumping, and at the 
“dump-power”™ rate for the power sold 
was $63,210 for 1949. Recent inspec- 
tion of the hydro-plant indicates that 
no major repairs or replacements are 
necessary and that the plant will con 
tinue to operate satisfactorily for 
many more years. 

lo avoid possible damage claims for 
water diversion from the stream, plans 
have been prepared for raising the 
height of the dam and increasing stor 
age capacity if and when this becomes 
necessary. 

Development of Recreational 
Facilities: 


The area in which the plant is 
located comprises about 200 acres of 


D. Cole) Elevated Tank Is Located 
Near to the Center of the Distribution 
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land admirably 
suited for park 
purposes \ part 
of the area has 
been allocated to 
the homes and 
gardens of the 
plant operators 
andabout 7Oacres 
have been devel- 
oped into a beau- 
tiful park of tree 
shaded slopes with picnic pavilions 
and a large swimming pool in a 
natural setting, complete with diving 
towers, life guards and all the 
conveniences and sanitary safeguards 
of the modern pool This pool 1s 
known far and wide as Spartanburg’s 
“Rainbow Lake.” Here the citizens 
of Spartanburg and their guests are 
free to enjoy swimming or other rec 
reational facilities in a clean whole- 
some atmosphere. As many as 5,006 
persons have enjoyed these facilities 
i one day. The concessions at the 
pool pay the cost of operation, but by 
far the most important return upon 
the investment is measured in terms 
of improved public relations which 
has resulted 


Water Sales to Industry: 
Spartanburg is a textile center and 
the water system serves a number of 
textile mills. One of these mills, using 
between one and two million gallons 


System 


Small Water Consumers 
onsumers 
Rate based on 


Some CoMPARISONS OF SPARTANBURG WATER WorkKS 
June 30, 1920 vs. June 30, 1949 


June 30, 1949 


$3,664 488.68 
988,000.00 


June 30, 1920 


$468,244.19 
273,502.88 
387,000 
,398,300 
345,006.64 
249,329.82 


2,699 


462,550,000 
1,270,000 

$129,984.90 $ 
87,484.90 


Charges for Water Sold on a Sliding Scale Basis 
June 30, 1920 vs. June 30, 1949 


June 30, 1949 
25¢ per 1000 gal 
8&.Se per 1000 gal 
applies to all 


June 30, 1920 
S0c per 1000 gal 
15¢ per 1000 gal 
quantity of water used, 


1920 1550 


Mains Inside the City (Mains outside the city, 
laid by private interests, not listed) 

Hydrants Inside City, 
Hydrants Outside City, set by 


and on city property 
private interests 


daily, takes water on an “off-peak” 
This arrangement results in 
operating economy for the water 
works system and earns a reduced 
water rate for the mills. This bit of 
economy has been made possible by 
constructing a five million gallon res- 
ervoir at the mill and operating the 
ieed line to the mill only during the 
night hours, or at other periods when 
water use in the city is at a reduced 
rate. 


Public Relations Policy: 


The policy of the Commissioners 
of Public Works has always been to 
keep the public of Spartanburg fully 
informed its operations by 
interim advertisements in the press, 
showing the financial condition of the 
system, and by the distribution of 
folders, pamphlets and press releases 
showing load increases and the reasons 
for proposed plant extensions. As a 
result, the public has become water 
conscious and the Commission and its 
superintendent enjoy full public sup- 
port in their operations. It may also 
he observed from the data here pre- 
sented that water rates in Spartanburg 
have been cut approximately in half 
curing the Simms regime and period 
of expansion and modernization of 
Spartanburg’s water supply facilities. 
All the while the water department 
has continued to make a profit. 


basis. 


as to 





The New Supplemental 3.000.000 Gal. Ground Storage Tank 
Just Completed by Chicago Bridge & Iron Co. 
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ALKALINITY SIGNIFICANCE IN 
SEWAGE OXIDATION 


The Second of a Series of Articles 


W. W. ECKENFELDER. JR. 
Cons. San. Chemist 


r IS generally accepted that vary 
{ ing degrees of oxidative treat 

ment are attained by the different 
types of biological treatment plants 
lo date, however, no simple, direct 
and reliable method of appraisal has 
been available to the sanitary field 
For example, the 5-day B.O.D 
generally accepted as an indication 
of the degree of treatment accom- 
plished. Actually this determination 
does not distinguish between the 
various physical and biological proc- 
involved and the results 
tained are generally confined to the 
carbonaceous component." 

On the other hand, it 
that a simple, direct, and dependable 
determination such as the alkalinity, 
may be used as a criterion to disclose, 
in addition to the degree of oxida 
tive treatment performed, the chem- 
ical changes in the substrate occur- 
ring in and through the carbonaceous 
and nitrogenous stages of treatment. 
This is extremely important since the 
purification and clarification of sew- 
age is a function of several physical 
and chemical mechanisms which to- 
gether produce an effluent of the re 
quired quality. 

The solid components of 
able size are removed by mechanical 
separation in sedimentation units. 
rhe colloidal fraction and the soluble 
components are removed in secon- 
dary treatment processes by adsorp- 
tion and flocculation, absorption, 
oxidation and reduction and agglom- 
eration. In order to reliably deter- 
mine the efficiency of a treatment 
process, the influence of each phe- 
nomenon associated with the process 
should be evaluated on a relative 
basis. This has been done in this 
work using oxidation as the basis 
for treatment consideration. The as- 
sumption is made that in order to 
obtain a bacteriologically stable efflu- 
ent some oxidation of the readily 
decomposable organic material must 
occur and that the ultimate stability 
of that effluent will be a direct func- 


1s 


esses ob- 


emerges 


settle- 


*Condensed by the authors from their orig 
inal paper presented before the New Jersey 
Sewage Works Association meeting in March 
1950 


by 
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tion of the extent to which this oxida- 
tion has occurred, 

Oxidation may be distinguished 
from physical phenomena in that a 
direct transformation occurs with 
respect to the components of the 
solution yielding constituents of 
different chemical and physical char- 
acteristics, while adsorption, floccu- 
lation, etc., remove material from the 
sewage without exacting a direct 
change in the composition of the 
solution. An aqueous solution may 
have undergone clarification by ad- 
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Superintendent 


sorption and still contain putrescible 
organics in solution which may 
prove to be obnoxious upon being 
discharged. In this respect the 
Methylene Blue Stability test would 
provide a convenient index 

From this primary consideration of 
sewage and waste treatment, those 
units which tend toward complete oxi- 
dation will produce the most stable 
effiuents and those which do not tend 
toward oxidation will produce the 
least stable effiuents. This does no 
embrace truly anaerobic processe 
such as digestion 


The alkalinity in sewage consists 
of mineral and organic materials, 
The mineral portion of the alkalinity 
is derived from the water supply anc 
the organic alkalinity derives 
from domestic wastes. 

{The determination of alkalinity is 
made by employing the exceedingly sim 
ple tritation with N/50 sulphuric acidj 
using methyl orange as indicator. The 
method is that given in “Standard Meth- 
for Water & Sewage Analysis” for 
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Fig. 1—Summer Oxidation of Domestic Sewage by Aeration 
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Character of the Substrate with Respect to Time 


determination of alkalinity of waters 
Only a few minutes is required to perform 
the test. When gross solids appear in the 
sample these are allowed to settle out 
during a brief period before decanting the 
sample.—Ed.] 

It has been noted by some investi- 
gators ™. that the buffer value 
of a sewage changed as that sewage 
underwent oxidation. In 1946 Hood“ 
showed that treatment efficiency 
was qualitatively indicated by 
changes in the pH and the alkalinity 
of the substrate. 

rhe studies reported here were 
conducted in an effort to establish 
criteria of treatment which distin- 
guished between the active purifica- 
tion mechanisms and to yield a more 
practical and fundamental method of 
operational control. 

rhe relationships established in 
this paper are considered in terms of 
the oxidizable alkalinity. This may 
be defined as that portion of the total 
alkalinity which can be removed by 
an oxidative mechanism. Since some 
portion of the total alkalinity is in- 
organic, there will be a_ residual 
alkalinity after complete oxidation. 
Chis portion must be subtracted 
from the original alkalinity value to 
obtain that alkalinity which may be 
removed by oxidation. 

The total alkalinity of the sewage 
may be considered to be composed of 
basic organics and the mineral bi- 
carbonates and carbonates. When 
this sewage is oxidized biologically, 
the carbonaceous organic alkalinity 
is oxidized to carbon dioxide and 
water, and the ammonia is oxidized 
to nitrates. The oxidation of the am- 
monia will yield acidic nitrous or 
nitric acid which immediately reacts 
with the inorganic alkaline buffer to 
produce neutral salts of the metal and 
nitrate ions present. 
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For Example 
(1) 2NH, (aqueous) + 30,=2 HNO,+2H,0 


Then 
2HNO,+Ca (HCO,),=Ca (NO,),+H,CO, 


The carbonate or bicarbonate al- 
kalinity will be reduced below that 
value initially present in the water 
by the reaction between the acidic 
nitrate or nitrite and the basic car- 
bonate or bicarbonate. Hence, for 
complete oxidation, the net resulting 
alkalinity will be that residual after 
complete oxidation of the ammonia 
nitrogen to nitrates. This residual 
alkalinity may be approximately 
computed to be the inorganic alka- 
linity of the water less the total 
oxidizable nitrogen x 1.79. 


A,=Ay 


First Stage Oxidation: 

In the first stage of oxidation the 
carbonaceous compounds present are 
progressively acted upon by the 
micro-organisms to eventually yield 
carbon dioxide as an end product. 
In terms of oxidation this first stage 
may be expressed by the equation 
A=A,t" 

Where— 

A = Oxidizable Methyl Orange 
Alkalinity. 

A, = Total Oxidizable Alkalinity 
att = 0. 

k = Constant. 


(N, X 1.79) 


The ammonia nitrogen is likewise 
progressively reduced, and it may be 
deduced that the fall in alkalinity 
during the oxidation of the carbon- 
aceous components of the sewage, is 
primarily due to the metabolic as- 
similation of nitrogen by the organ- 
isms active in the oxidation process. 
Considering the carbonaceous com- 


pounds, the alkalinity decrease may 
he indicative of (a) initially the 
hydrolysis of the organics and the 
agglomeration of colloidal material 
such as soaps and high molecular 
weight organics and the absorption 
of basic salts from solution and (b) 
the decomposition of sugars, pro- 
teins, protein derivations, etc., yield- 
ing fatty acids which forms salts in 
solution. 

The loss in alkalinity in the car- 
bonaceous stage of oxidation may be 
considered to be a product of the 
metabolism of the organisms active 
in the oxidation. A lag period may 
be present, induced by the lag phase 
in the growth rate of the organisms. 
The alkalinity likewise is reduced in 
proportion to the reduction in the 
oxygen consumed revealing that the 
reduction in alkalinity in the car- 
bonaceous oxidation stage is a func- 
tion of the degree to which this 
oxidation has occurred with respect 
to the metabolic activities of the 
micro-organisms involved. When 
the oxidation of the carbon com- 
pounds is essentially complete, the 
organisms die off and their cells are 
broken down giving the ammonia 
back to the substrate to be oxidized 
to nitrates in the second stage oxi- 
dation. 


Turbidity: 

The change in turbidity of sewage 
as oxidation proceeds is noted to be 
related to the changes in alkalinity. 
Colloidal material constitutes the 
major portion of the oxygen con- 
suming carbonaceous organics. Re- 
sults as indicated in this paper are 
based upon the light transmission 
through the sample using distilled 
water as a base of 100% transmis- 
sion. From this relation it may be 
deduced that the initial phase reduc- 
tion of alkalinity is largely a func- 
tion of the removal and oxidation of 
acid consuming organic colloids. 


Second Stage Oxidation: 


The reduction in alkalinity due to 
the second stage oxidation is primar- 
ily a function of the oxidation of 
ammonia to nitrates. 

The ammonia content of the sew- 
age will vary as the stage of decom- 
position of that sewage and will be a 
primary determining factor in the 
alkalinity and hence the buffer value 
exerted by the sewage. The alkalin- 
ity of the raw sewage or the effluent 
from primary tanks will be a func- 
tion of the degree of decomposition 
which has occurred in the sewage. 
If anaerobic conditions become pro- 
nounced, the ammonia will increase, 
due to hydrolysis of urea and 
result in a net increase in the buffer 
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value. Biological oxidation will re- 
duce the ammonia through its bac- 
terial assimilation in the oxidation 
of the carbonaceous material, this 
process reducing the net buffer value. 
The further oxidation of the am- 
monia will finally result in mineral 
forms and a buffer value less than 
that of the carriage water without 
organic pollution. 

The second stage oxidation curve 
may be expressed by the relation 


A=(A’, A), K’A’e(t-c) 
Where: 


A=oxidizable alkalinity 
time t 

A’o=total nitrogenous oxidizable 
alkalinity at t=o 

k’=velocity constant 

c=t/2 for the total 
oxidation 


at any 


nitrogenous 


The above relations are all based 
upon the oxidizable alkalinity. Fig- 
ures | and 2 illustrate the relation of 
alkalinity with respect to time dur- 
ing the aeration of sewage. The 
differences in the curves ( variation in 
A’o and k’) are due to the variation 
in the temperature, the variable food 
supply, ete. 

The variations in ammonia, nitrate 
nitrogen and nitrite nitrogen were 
determined in conjunction with the 
changes in alkalinity. These are 
illustrated under summer and winter 
conditions on Figs. | and 2. The 
ammonia nitrogen curve followed the 
same general pattern as the alkalin- 
ity curve. The initial drop in am- 
monia may be attributed to adsorp- 
tion phenomena and to the removal 
of colloidal form ammonia. When 
nitrification started, the nitrite for- 
mation increased and the ammonia 
nitrogen decreased. The subsequent 
conversion of nitrite to nitrate was 
noted after nitrification had prog- 
ressed. Toward the end of the nitri- 
fication stage, the solution developed 
a characteristic yellow color. 

It appears from the experiments 
conducted in this study that the nitri- 
fication started almost immediately 
and that some nitrogen oxidation 
occurred simultaneously with the 
carbon oxidation although the prin- 
cipal utilization of ammonia in this 
stage was for the metabolic needs 
of the carbonaceous micro-organ- 
isms. It may be deduced that no 
clear cut distinction exists between 
the carbonaceous and the nitrogenous 
Stages but that the former does take 
precedence over the other with re- 
spect to time. 

In the absence of basic carbonates 
only ammonium carbonate is oxi- 
dized while in the presence of basic 
carbonates other forms of ammonia 
will be oxidized. Since sewage is 


Carbon Oxidation 


or 


Carbon Oxidation 


Oxidizable 
Methyl! Orange Alkalinity 


THE MECHANISM OF SEWAGE 


OXIDATION 
MMER CON 


Oxidation oeration 


Nitrogen Oxidation index 
Fig. 3—Basic Alkalinity Oxidation Curve Derived from Domestic Sewage for the Practical 
Approximation of Oxidative Plant Performance 
(The oxidation index values are in per cent expressed as a decimal; when multiplied by 
100 they represent the per cent of the total time required for complete oxidation.) 


usually buffered with these basic 
salts, optimum ammonia oxidation 
will proceed from most forms in the 
pH range 7.0 to 8.0. 

Discussion: 

A simplified example of how al- 
kalinity reduction occurs as oxida- 
tion proceeds is shown below. 

The influent contains carbohy- 
drates and NH; as NH,HCOQOs. First 
stage oxidation would reduce the 
ammonia concentration by bacterial 
assimilation in the oxidation of the 
carbohydrate. The carbohydrate 
would be oxidized to organic acids, 
COs and HO. 


(a) 
(b) 


(NH,HCO,) effluent 
(C,H,0,), influent = 


The result would be a reduced 
buffer value in terms of pH-alkalin- 
ity. At this point the auto-catalytic 
curve of nitrogen oxidation is found 
in which the alkalinity falls off 
rapidly and there is a reduction in 
pH. The alkaline compounds react 
with the nitrite formed and are neu- 
tralized. Further oxidation will yield 
nitrates. 

The simplified reaction for this 
may be considered: 


When nitrification is complete and 
the sewage reduced to end products 
(CO2, H2O, NOs, etc.) the alkalinity 
will reach a minima! value, the pH 
at this point will be established by 
the CO, and the still remaining 
alkaline and acidic compounds. 

The above examples are hypo- 


thetical with respect to the complex 
composition of domestic sewage. In 
addition to the above possible reac- 
tions, many others are occurring 
simultaneously and either increase or 
decrease the buffer value. Nitrogen 
deficient material during the first 
stage of decomposition, results in the 
formation of various organic acids. 
If further treatment, temperature, 
etc., favor a more complete degrada- 
tion, a change in reaction to a more 
alkaline condition occurs due to the 
formation of carbon dioxide and 
carbonates. This alkalinity is neu- 
tralized by the formation of nitrates 
in second stage oxidation. 


< (NH,HCO,) influent 
(X) (COOH) + H,O 


Fatty acids may be formed from 
poly- and mono-saccharides or from 
proteins and protein derivatives, us- 
ually by anaerobic or facultative 
bacteria. When these are neutralized 
as might generally occur in sewage, 
they serve as sources of energy to 
bacteria. The decomposition of salts 
of these acids yields alkali carbonates 
which give an alkaline reaction to 
the medium. 


Application: 

The principles outlined in the fore- 
going text may be applied to bio- 
logical sewage purification processes, 
and stream studies with certain mod- 
ifications dictated by the process in 
question. 
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ALKALINITY SIGNIFICANCE 


‘along cerator- turbidity red 71%, BOD red 81% 


Oxidizable 
Methy! Orange Alkalinity 


Nitrogen 


Oxidation 


oerotor 


Index 


Fig. 4—Oxidation Through Activated Sludge Process as Related to the Oxidation Index 
Curve 
(The oxidation index values are in per cent expressed as a decimal; when multiplied by 
100 they represent the per cent of the total time required for complete oxidation.) 


\ method has been devised to make 
practical application of the theory of 
the foregoing text to sewage plant 
operating data for the approximate 
measurement of the degree of oxida- 
tion accomplished. Direct applica- 


tion of the principles and formula- 
tions to biological oxidation plant 
units is impossible because the theory 
is derived from a progressive oxida- 
tion of domestic sewage by plain 
aeration. The zoogleal film and the 


biologically active matrix of the 
trickling filter and the activated 
sludge processes respectively intro- 
duce modifications in the basic for- 
mulations derived from plain aera- 
tion studies such as transformations 
in the substrate induced by with- 
drawal of component parts of the 
substrate by the biologically active 
medium. 

This method consists of applying 
plant process data to the mean basic 
progressive oxidation curve of nor- 
mal domestic sewage. The indices 
obtained for carbon and nitrogen 
oxidation portrays the plant per- 
formance relative to an equivalent 
degree of oxidation accomplished by 
aeration with respect to time. Since 
the use of this method is based upon 
the oxidizable alkalinity the inor- 
ganic residual alkalinity must be 
obtained and subtracted from the 
total titrated alkalinity. The calcu- 
lation of the residual alkalinity 
which will still be present after 
theoretical complete oxidation (as 
suming the net sum of the compon- 
ents at the start were equal to the 
net sum of the components at the 
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finish) has been effected involves a 
more extensive analysis than most 
plants are equipped to perform. For 
a practical approximation this resid- 
ual may be computed as the alkalin- 
ity of the water supply less 40 ppm. 
for a normal domestic sewage. The 
40 ppm. which represents that por- 
tion of the inorganic alkalinity which 
will be neutralized by acid forma- 
tion in the course of oxidation is a 
function of the alkaline ammoniacal 
components which are present to be 
oxidized. This 40 ppm. must be in- 
creased in the case of a particularly 
strong or concentrated sewage (high 
total N) and decreased in the case of 
a weak or dilute sewage (low total 
N) 

The determination of these indices 
with the use of Fig. 3 may best be 
illustrated by an example: 

Given the following data it is de- 
sired to find the oxidation indices 
of a process. 

Raw sewage alkalinity=250 ppm. ; 
treated effluent alkalinity=150 ppm; 
water supply alkalinity= 90 ppm. 

The sewage is of medium strength. 

Oxidizable alkalinity of raw sew- 
age equals 250—(90-40)—200 

Oxidizable alkalinity of effluent 
equals 150-— (90-40) ==100 

Per cent oxidizable alkalinity re- 
maining in effluent equals 
100/200—0.5 « 10050 

From Fig. 3. Carbon Oxidation 
Index=-0.9+ and Nitrogen Oxida- 
tion Index=—0.42. 


These indices may be interpreted 


IN SEWAGE OXIDATION 


to mean (assuming no losses in the 
system) that if the sewage had under- 
gone progressive oxidation the car- 
bon oxidation would be 90+- per cent 
complete with respect to time and the 
nitrogen oxidation would be 42 per 
cent complete with respect to time 

This method is only an approxi 
mation since variations in the char- 
acter of the sewage, temperature, 
etc., will produce a variation in the 
oxidation curve and the biological 
process being investigated may take 
out or put in oxidized or reduced 
componds to the substrate. How- 
ever, to afford a plant operator a 
rapid and simple approximation of 
the oxidative performance of his 
process the methods outlined are 
deemed to be of sufficient accuracy 
with a straightforward interpretation 


Activated Sludge: 


Considering the activated sludge 
process, the mechanisms of purifica- 
tion active in sewage aeration will be 
found in a more accelerated phase. 


The mechanism of activated sludge 
probably involves physico-chemico, 
enzymic, biological, and biochemical 
phenomena. The transformations 
occurring in the activated sludge 
process would be analogous to that 
occurring in plain aeration, namely 
the removal of colloidal and dis- 
solved constituents, hydrolyses and 
oxidation. Parsons and Wilson de- 
fine the mechanism of activated 
sludge as occurring in three stages, 
namely (a) clarification, (b) reacti- 
vation or restoration of the powers 
of clarification, and (c) nitrification ; 
(a) and (b) occur simultaneously. 
This was also noted as previously 
outlined in the sewage aeration 
studies. Clarification includes the re- 
moval of colloidal and suspended 
matter in addition to some removal 
from solution and usually results in 
some alkalinity reduction when these 
removed components are oxidized 
The bulk of the biological work 
occurs during the second stage where 
the enzymes are produced and the 
slope of the alkalinity reduction 
curve greatest. When the clarifica- 
tion attained is purely physical there 
may be little or no alkalinity reduc- 
tion. , 

Figure 4 depicts the changes in a 
sewage in contact with activated 
sludge through an aerator in terms 
of the Oxidation Index Curve. 


Trickling Filters: 

These principles as outlined may 
likewise be extended to biological 
filters of the oxidative or standard 
type. In this unit, reaction rates of 
chemical and physical nature are al- 





ALKALINITY 


The nature of the changes in 
sewage 


tered 
the chemical character of a 
undergoing purification through a 
biological filter has been summarized 
by Levine and other investigators 

As the sewage passes through the 
filter, it continually modified in 
composition by the biological ac 
tions, that at any point in the 
filter, the nature of the dissolved and 
other components, as_ well the 
()-R-Potential of the medium, 1s 
different from that a short distance 
Che alkalinity con 
tributed by organic acid and basic 


1s 
so 


as 


above or below 


compounds will vary and be reduced 
as oxidation proceeds, Therefore, in 
the upper portion of the filter, or 
ganisms predominate which are cap 
able of attacking the proteins and 
amino acids the liberation of 
such compounds as ammonia, hydro 
gen sulfide and acids from the de 
composition of carbohydrates. In 
this layer the alkalinity may increase 
slightly. At an intermediate depth 
bacteria can activate these end prod 
ucts and oxidize them further. As 
the bottom of the filter is approached, 
the nitrifying bacteria (ammonia and 
nitrite oxidizing and the sulfur oxi 
dizing) find a suitable biological 
environment, resulting in a rapid de- 
crease in the alkalinity of the sub- 
strate. 

Figure 5 depicts the changes in a 
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Fig. 5—Ridgewood Biological Filtration Plant 
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Index 
Performance Depicted on the Oxidation In 


Curve 
(The oxidation index values are in per cent expressed as a decimal; when multiplied 


100 they represent the per cent of the to 


while the B.O.D. yields quantitative 
values, it is incapable of conveying 
any accurate knowledge of the de- 
gree of oxidative treatment attained. 
For these reasons no consistent cor- 
relation between B.O.D. and alkalin- 
itv exists 


Alkalinity has been found to pro- 


Table I 
AcTIVATED SLUDGE Process OPERATION 


Semple Rel. Stab 


Raw Sewage 

5 ft. along aerator 
20 ft é ; 
48.5 ft 

Clarifier effluent 


sewage through the Ridgewood bio- 
logical filtration plant in terms of the 
Oxidation Index Curve 


Table II 
Ripcewoop BIoLocica’t 
PLANT 


FILTRATION 


Alk. 
ppm. NH.-N Turb 
31.4 64 


Sample 
Raw Sewage 7.7 255 
Primary Clarifier 

Effluent 
Secondary Clarifier 

Effluent 7.35 174 
Filter Effluent 5 124 
Final Clarifier 

Effluent 


Temp. 


22°C 


22 


114 


Summary and Conclusions: 


Due to the inherent deficiencies in 
the B.O.D. test and the numerous 
environmental factors which affect 
the validity of the numerical values 
derived, it emerges that, as a criterion 
for design and process control pur- 
poses, it leaves much to be desired. 
It has also been demonstrated that 


Alk 

ppm. Temp. 
190 23% 
150 
143 
124 8.7 
120 8.7 


NH,-N 
11.5 
10.2 

9.85 


vide a reliable criterion of sewage 
oxidation which could be correlated 
with the important chemical changes 
in the substrate including the oxygen 
demand. The various stages of oxi- 
dation were determined in the sew- 
age by alkalinity variation and re- 
lated to the changes in turbidity, 
NH;-N, N¢ Jo-N and N¢ dg-N. From 
this investigation of the mechanism 
of biological sewage purification and 
its interpretation by alkalinity the 
following conclusions can be made: 

1. The biological purification of 
sewage can be classified according to 
the mechanisms active in the purifi- 
cation process. These mechanisms 
and their relative magnitude with re- 
spect to each other will determine the 
chemical and biological character of 
the substrate. 


2. The alkalinity, as indicated in 
this paper, will measure changes in 
the chemical character of the liquid 


tal time required for complete oxidation.) 


and semi-liquid phase with respe 
to the formation or removal of a 
kaline or acidic compounds. Ovxidé 
tion will usually lead to a progres 
sively more acidic medium in a soli 
tion containing both carbonaceot 
and nitrogenous material. 

3. A definite relation exists b 
tween alkalinity, ammonia, nitrit 
nitrate, oxygen consumed and tu 
bidity, with respect to time in sewag 
oxidation. 

4. Biological sewage  treatmet 
processes may be classified and eva 
uated and facilities designed in term 
of alkalinity and distinctions a 
as to the type and degree of treat 
ment accomplished. 
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GRAPHICAL APPROACH TO STATISTICS 


Part I—The Nature of Variability of Data 


CIENCE and engineering today 
are all but buried beneath the 
mass of their own data. In fact, 
the mere accumulation of more and 
more data is too frequently regarded 


as research. Statistical evaluation of 


fers the only means of condensing raw 
data to concise form, permitting sig 
nificant interpretation. Statistics pro 
vides the tools sharp enough to dig 
into the old accumulations, extricate 
and bring to light some of the buried 


“gold.” 

It is the purpose of this series to 
encourage the use of statistics by pre- 
senting a few simplified graphical 
techniques readily usable in Sanitary 
Engineering. The series will present 
procedures employing different types 
of probability papers, graphical tests 
for statistical significance of series of 
data and trends, and evaluation of 
laboratory results. 

To illustrate the uses of statistics 
in Sanitary Engineering consider one 
problem, that of interpretation of sus 
pended solids determinations at a sew 
age treatment works. We all know 
that suspended solids.are subject to 
considerable variation from day to day 
and from hour to hour. How can we 
best define and summarize these varia- 
tions and detect real changes in the 
load? When is a change significant 
beyond that expected by chance varia- 
tion alone? How many individual 
determinations must we make in order 
to have a reliable average? When are 
individual determinations out of line 
with what is normally expected? How 
can we make reliable comparisons be- 
tween influent and effluent ? 

For intelligent application of the 
graphical procedure to be developed 
in subsequent articles, it is first neces- 
sary to gain fundamental concepts of 
the nature of variation of data and the 
laws of probability. 


Definition 

Statistics may be defined as the 
scientific collection and analysis of 
data, and the projection of estimates 
therefrom. Statistics is not an end in 
itself ; rather it is an aid to judgment 
in arriving at valid conclusions, test- 
ing theories, measuring phenomena, 
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discovering relationships, or project- 
ing estimates under different condi- 
tions. The statistical method is an 
economical procedure for getting at 
the facts and determining their signifi- 
cance with confidence. In our enthu- 
siasm over statistics it must be re- 
membered that it is only a tool and is 
not a_ substitute for professional 
knowledge and experienced judgment. 
Sound judgment, however, cannot be 
made with confidence without the use 
of this tool 


Statistical Concepts 

The whole concept of statistics is 
one of variation. If there were no 
variation in data there would be no 
need for statistical methods. This con- 
cept of variation is in conflict with 
most of the mathematics as it has been 
taught us. In mathematics we usually 
start with a preconceived theory 
which, if followed, automatically must 
lead to a single exact answer without 
any deviation. Such inflexible finality 





The proper evaluation of data in 
sewage works operation and stream 
pollution studies cannot be accom- 
plished by simple mathematical aver- 
ages of a series of analytical results. 
“Statistical evaluation offers the only 
means of condensing raw data to con- 
cise form, permitting significant in- 
terpretation,” according to the author. 
This series of articles on the “Graph- 
ical Approach to Statistics,” has been 
prepared especially for Water & 
Sewage Works to show how the usual 
forbidding methods of statistics can 
be used by means of graphic solu- 
tions. These articles may well revolu- 
tionize future work in this field with 
particular reference to water and 
sewage analysis for chemical and bac- 
teriological constituents—The Edi- 
tors. 











is not consistent with the facts of life 
as we observe them. Even with the 
most precise methods of measurement 
there is always variation. In statistical 
reasoning we start with observations 
and with full acceptance of their in- 
evitable variation, which leads not to 
a single answer but rather a range of 
answers. 

For example, let us suppose we 
desire to know the weight of an object. 
\ single careful measurement may be 
10.1 milligrams, a second measure- 
ment made under the same circum- 
stances may be 9.8, and similarly, re- 
peated measurements will show other 
variations. With these variations in 
measurements the question arises, 
Which of these answers is correct? 
or, What is the exact true weight? 
The true weight remains unknown 
and at best can be only estimated. The 
best estimate is the average of the re- 
peated measurements, in this case, say 
10.0. But confidence in any estimate 
can be had only in defining not a single 
value but a range within which we 
believe the true weight lies. 

From a statistical analysis of the 
variation of the measurements con- 
fidence and range can be related. We 
are confident of enclosing the true 
value 68 times in 100 within the range 
10.0 + .1 (9.9 to 10.1); or we are 
confident of enclosing the true value 
997 times in 1,000 within the range 
10.0 + .3 (9.7 to 10.3). In the second 
instance our confidence is high; only 
3 times out of 1,000 would we be 
wrong in believing that the true value 
was within this wider range. But we 
have gained this added confidence only 
at the expense of precision; we are 
less definite as to the exact true weight 
in the sense of a single value. 

In fact, under this new concept we 
can never determine with finality the 
exact true weight, because as we nar- 
row the range working toward a single 
value we lose confidence in enclosing 
it, with total loss of confidence if an 
attempt is made at expression as a 
single value. Thus in expressing 
measurements we always state a 
range; the mean plus or minus some 
increment of standard deviation, the 
increment dependent upon the degree 
of confidence desired. 
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The Nature of Variation 

If a series of measurements, 
weight, made on the same object are 
sorted in order of magnitude, it will 
found that the results vary in a 
quite systematic manner. Many of the 
results will cluster near the midvalue 
and a few will be more or less evenly 
distributed with greater spread above 
und below the central majority. An- 
other type of quantitative data con- 
sisting of a sample from a large popu 
lation, universe or supply such as a 
single weight measurement of a num 
ber of such objects selected at random, 
will likewise portray this tendency 
toward central cluster and symmetri 
cal spread 

If a large number of such measure 
ments are made and plotted on the 
scale of measurements, each individu 
ally represented by a circle, a symmet 
rical bell-shaped pile develops 
shown in Fig. 1. The center of each 
circle is vertically above the magnitude 
of its measurement on the (X) scale; 
the number in each circle is the rank 
of each measurement arranged in 
ascending order of magnitude. The 


G2 


say 


he 


as 


NUMBER OF VALUES 
1S-——+ 


62.27 


K— 13.60 —>— 34.13 —>—- 34.13 


GRAPHICAL APPROACH TO STATISTICS 
measurements cluster so closely about 
the mean that it is necessary to pile 
up the circles in order to locate them 
their position on the (X) 
scale, thus forming the bell-shaped 
curve or distribution. This frequency 
curve of distribution of measurements, 
referred to as the normal Probability 
Curve, has definite characteristics with 
respect to the proportion of the 
measurements found in equal incre 
ments of indicated by the 
numbers across the top of the pile. 
will be defined 


opposite 


scale as 
Those characteristics 
more precisely later 

Suffice to observe that the distribu 
tion is nicely symmetrical about a 
centering value; with the deviations 
above and below this value spreading 
out in a very orderly fashion. Other 
random samples taken from the same 
universe under the same conditions 
will reproduce quite similar distribu 
tions both as to centering position on 
the scale and as to deviation or spread. 
Measurements of different phenomena 
will develop similar bell-shaped dis- 
tributions but it will be observed that 
each has its own centering value and 


that some vary in the degree of spread 
or deviation about their central values 
as illustrated in Fig. 2 


Centering Values 


Three centering values are conmmon 
the Median, the Mode 
The median value is 
the value exceeded by 4 of the values 
and of which ™% of the fall 
short. It represents the series, if at 
all, by virtue of its position of divid 
ing the series in half. The mode is 
the value in the series most frequently 
repeated and around which other 
values cluster most densely. It is the 
high point in the distribution irrespec 
tive of the number of terms above and 
below it. The mean is a simple arith 
metic average of the series of data 
represented by the swm of the indi- 
vidual measurements divided by the 
number of observations. Where the 
distribution is normal (symmetrical ), 
the median, the mode and the mean 
are identical and coincide. The mean 
is the most useful centering value and 
is most frequently employed. 


ly employed 
and the Mean. 


values 


However, an average by itself is a 


ACTUALLY OBSERVED WITHIN INCREMENTS OF DEVIATION 


ep — 34+ 35 


12——>—— 2 


NUMBER OF VALUES THEORETICALLY EXPECTED WITHIN INCREMENTS OF DEVIATION 
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(X’), DEVIATION IN TERMS OF STANDARD DEVIATION 
Fig. 1—Demonstration of the Normal Probability Curve 


(Distribution of 100 suspended solids determinations; 


Water & Sewace Works, May, 1950 


Mean 62.24 thd. pounds per day; Standard deviation 


277 


ccs 


thd. pounds per day.) 





dangerous value. Too frequently series 
of data are summarized merely by an 
“average” (the mean) without desig 
nating the number of measurements o1 
the nature of variation or spread in the 
data. For example, consider the fol 
lowing three series of data, X, Y, and 
Z, which have the same average 


X con values, 1 and 99 
Y com 


(3) Z comprised of 


iprised of 
prised of 19 values ranging trom 


19 values ranging from 


While all produce the aver 

50), it is not difficult to see that the 
three averages come from quite differ 
ent data. In the first instance, two 
measurements hardly give meaning to 
an average, particularly when they 
have a great spread ; in the second and 
third instances, while both have the 
same number of measurements (19) 
the second 


age 


same 


and the same average (50), 
has a wide spread ranging from 10 to 
90, while in the third the data are 
compact, with a spread ranging from 
47 to 53 


Deviation from the Central Value 


In addition to the mean and the 
number of measurements it is neces 
sary to know something of the nature 
of deviations of measurements about 
the central value 

The Standard Deviation,*® ( Sigma), 
is the fundamental measure of varia 
tion constitutes the major 
“building block” in all statistical pro 
cedures. It is the root mean square 
deviation obtained by squaring each 
individual deviation from the mean, 
summing, dividing by the number of 
measurements and extracting the 
square root of this mean square. 


which 


n 


- [x(x 
\ 
; 


(There are various other transfor 
mations of this equation which are 
more useful if computations are made 
by machine; also a simple graphical 
method of obtaining the standard de 
viation will be given in the next ar 
ticle 

The standard deviation is important 
because, through it, the fundamental 
characteristics of the normal proba 
bility curve are defined and precision 
can be related to probability or a con 
fidence level. 

Probability 

As a basis for understanding the 
graphical applications of statistical 
procedures, which will be presented in 
subsequent articles, and the signifi 
cance of the standard deviation as a 
measure of variation it will be neces 
sary to gain a concept of Probability. 

There are two concepts of probabil- 


rage 5 
10 t 
47 


GRAPHICAL APPROACH TO STATISTICS 
ity, the one based upon what can occur 
and the other based upon what has 
occurred. If event can occur or 
has occurred in (a) ways and can fail 
has failed in (b) then the 
probability of a success is a/(a +b), 
is a ratio of the number of 
which an event can occur or 


an 


or ways, 
which 
ways 


) 


90; average 


53; average 


has occurred to the total number of 
each being equally 
occur. Probability ex- 
a ratio and ranges from 
zero designating impos- 
certainty. 


ways of occurrence, 
likely to 
pressed 
sero to umity 
sibility ; unity designating 

The first concept, based upon what 
can occur, is referred to as a priori 
probability. In tossing a coi there 
two ways in which an event can 
either a head or a tail. The 


1s 


are 
occur, 


SPREAD 
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probability of a specified event, head, 
is therefore % or 0.5. There are six 
ways in which a die can fall. The prob 
ability of the event, an ace, is therefore 
1/6. These are probabilities before a 
trial, based purely upon what can 
occur. 

The concept, based upon 
what has occurred, is referred to as 
a posteriori probability, probability 
after the trial. A coin is tossed 1,000 
times and the event, a head, has been 
observed to occur 506 times. The 
a posteriori probability of a head, 
based upon what has occurred, 
506/1,000 or 0.506, as compared with 
a priori probability based upon what 
can occur of 0.5. 

The a priori or true probability of 
a universe can exist but it cannot be 
measured. Repeated random samples 
drawn from a universe show results 
varying about the true value, results 


sect md 


1s 
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(a) CENTERING VALUE AT DIFFERENT 
POSITIONS, SAME SPREAD. 
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(b) CENTERING VALUE AT SAME 
POSITION, DIFFERENT SPREAD. 
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(c) CENTERING VALUE AT DIFFERENT 
POSITION, DIFFERENT SPREAD. 
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Fig 3—Integration Graph for Normal Probability Curve 
(Area between mean and x /*, Total area under curve 1000 units) 


Water & Sewace Works, May, 1950 
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from the small samples showing 
greater variation than those from the 
larger samples. Or as the number of 
trials approaches infinity the a pos 
teriori probability as determined from 
the observations approaches the true 


a priori probability 


Numerical Expressions of 
Probability 

1. The sum of the probabilities of 
occurence of a complete and mutually 
exclusive set of events is unity. Im- 
possibility has a probability of exactly 
zero. The entire range of probabil 
ties extends from impossibility to cer- 
tainty or numerically from 0 to 1 

2. If the probability of success is p 
and of failure g then p + q = 1; and 
1—p=q:and1—q=>p 

3. The probability of either one or 
another of mutually exclusive events 
occurring is the sum of their individ 
ual probabilities. Probability of draw- 
‘ 2 oa - 
ing a spade ora heart 4 0.5; 

a” 4 

of drawing a spare, a heart or a club 
13, 13, 13 


- — 2 
5? 5? 


25 = 0.75 

4. The probability of occurrence of 
a compound event composed of two 
or more independent events is the 
product of the individual probabilities. 
What is the probability of two heads 
in two throws of a coin? (One head 
on the first throw and one head on the 
second throw.) 


Probability of head on Ist throw 0.5 
Probability of head on 2nd throw 0.5 
Probability of two heads on two consecutive 


throws 0.5 X 0.5 0.25 


Relation of the Standard Deviation 
to the Normal Probability Curve 


The normal probability curve is a 
standardized form of distribution 
where the scale of measurement is in 
terms of the standard deviation meas- 
ured from the center of the distribu- 
tion as the origin. For example, re- 
ferring to Fig. 1, the (X) scale is 
weight in thousand pounds per day; 
and the corresponding (X’) scale is in 
terms of the standard deviation. The 
zero of the X’ scale is opposite the 
center of the distribution, the mean 
62.24 thousand pounds per day. Unit 
distance on the X’ scale is equivalent 
to a standard deviation, 2.27 thousand 
pounds per day, measured along the 
X scale but labeled +16, +20, +3¢ 
and —1ie, —2e, —3¢ on the X’ scale. 
To convert a series of scaled measure- 
ments (X) to the standard probability 
scale X’ it is necessary to know the 


mean (X) and the standard deviation 
(*). The mean (X) is the simple 


GRAPHICAL APPROACH TO STATISTICS 
arithmetic average and the standard 
deviation can be computed from the 
data or, as illustrated later, 
readily obtained graphically 

The significance of the standard 
deviation (*%) as a measure of varia- 
from the following 


will be 


tion 1s apparent 


analysis of the distribution of the 100 


measurements on Fig. 1. Extending 
two vertical lines at +19 and —I1® on 
either side of the mean, we count 69 
of the total 100 measurements falling 
within this range, and 31 fall without, 
14 above and 17 below. Probability 
of measurements falling within this 
range based upon what has occurred 
is 69/100 or 69 per cent; and of fall 
ing without, 31/100 or 31 per cent. 
Similarly, we count 96 measurements 
within the range of the mean +2°, 
and 4 measurements without, 2 above 
and 2 below. The probability of 
measurements falling within is 96/100 
or 96 per cent, and of falling without, 
4/100 or 4 per cent. 


Characteristics of the Normal 
Probability Curve 

These results are based upon a sam 
ple of 100 As the 
number of measurements are increased 
the a posteriori distribution approach 
es the a priori distribution defined by 
the Normal Probability Curve. The 
a priori probability of measurements 
falling within any range are given by 
the area under the curve between the 
limits of the range defined in terms 
of standard deviations from the mean 
These areas have been computed for 
any increment of deviation and are 
available in tables. 


measurements 


One useful form is the Integration 
Graph shown in Fig. 3. The areas 
are given between the central value 
(the mean) and x/? (deviation in 
terms of standard deviation) meas- 
ured only in one direction from the 
mean. 

The Probability Curve has the fol 
lowing six characteristics : 

1. All events are distributed sym 
metrically about the “mean’’ or the 

“most probable” M.P. value. 








3. The 
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2. The Probability Integral for the 
complete distribution of events is the 
area between + & which is unity 
Pb of all events 1.0, 





Integral for all 
Pg 


Probability 
events between the limits of 
( Dev /? 1) from the M.P. value is 
the area (abcd) which from the In- 
tegration Graph is 2 * 0.3413 = 
0.6826. Thus 68.26% of all events 
lie within a range of + 1° from the 
M.P. value and 31.74% of the events 
lie without this range. 





for all 
+ 2 


4. The Probability Integral 
events between the limits of 
( Dev/? = 2) from the M.P. value is 
the area (efgh) which from the in- 
tegration graph is 2 & 0.4773 = 
0.9546. 95.46% of all events lie 
within a range of + 2° from the 
M.P. and 4.54% of events lie with- 
out this range. 





5. The Probability Integral for all 
events between the limits of + 3° 
(Dev/e=3) from the M.P. is the 
area (klmn) which from the integra- 
tion graph is 20.49865=—0.9973. 
99.73% of all events lie within the 


Water & Sewace Works, May, 1950 
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range of +3¢ from the M.P. and 
0.27 % of events lie without this range. 


6. The Probability Integral for all 
events between the limits of + 0.6745°¢ 
(Dev/* 6745) from the M.P. is 
the area (pqrs) which from the in- 
tegration graph is 2 « 0.2500 = 
0.5000. 50% of all events lie within 
the range of + 0.6745° from the 
M.P. and 50% of events lie without 
this range. This is sometimes re- 
ferred to as the range of Probable 
Error ( P.E.) 





-0.6745 


Milwaukee to Start 
Water Fluoridation 
First of Year 


Use of Silicofluoride Will Save 
$78,000 Yearly in Chemical 
Cost 


Fluoridation of Milwaukee’s water 
supply beginning Jan. 1, 1951, has 
been authorized in a resolution by 
the common council's joint public 
utilities and finance committee. 

The committee rejected July 1, 
1950, as a starting date for the fluori- 
nation process on the grounds that 
money had not been set up in this 
year's budget 

Dr. E. R. Krumbiegel, city health 
commissioner, advised the committee 
that fluoridation would cost about 
$20,000 a year for the sodium silico- 
fluoride to be used. That is only one- 
fifth of the cost estimated when the 
council considered an earlier fluori- 
dation ordinance. 


Warer & Sewace Works, May, 1950 
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Uses of Probability Integration 
Graph 


Let us suppose we wish to define 
the quality of effluent of a sedimenta- 
tion tank in terms of suspended solids. 
The mean of 30 determination is 102.0 
ppm, but values vary about the mean 
with a standard deviation from the 
mean (°) of 5.5 ppm. From what has 
been said heretofore, we must define 
quality of the effluent by a range and 
we wish to know the confidence of 
enclosing the quality in that range. 

For example, suppose we make the 
statement that the quality of effluent is 
within the range of 102.0 + 10 ppm.; 
What is our confidence that this range 
encloses the quality ? or, What risk do 
we take in having the quality meas- 
urement fall outside this range? This 
we determine from the integration 
graph : 


Deviation from the mean 10 ppm ; 


Deviation from the mean in terms of standard deviation, x/¢ 


the mean of 99/2 or 49.5 per cent. 
Opposite area of 49.5 per cent on the 
Integration graph, Fig. 3, read x /% 
of 2.567. The range then is defined 
by the mean + 2.567% or 102.0 + 
2.567 & 5.5, 102.0+ 14.1 ppm. In 
other words, in saying that the efflu- 
ent quality is 102.0 + 14.1 we are 99 
per cent confident of being right and 
only once in 100 would we expect to 
be wrong by having quality fall out 
side of this range. 

If we are willing to accept even 
chance of being right or wrong, the 
range can be narrowed. This requires 
an area in one direction from the mean 
of 50/2 or 25 per cent. Opposite area 
of 25 per cent on the Integration 
Graph, Fig. 3, read ° of 0.6745. 
The range then is the mean + .6745 * 
or 102.0 + .6745 5.5 ppm = 102.0 


10 


R2 
55 1.82 


Opposite x/@ of 1.82 on the Integration Graph, Fig. 3, read area 46.56 per cent or probability 


for the range, Mean * 1.82g, is 


We are about 93 per cent confident 
of enclosing the quality of the effluent 
within the range of 102.0 + 10 ppm. 
In accepting this range as defining the 
quality we run the risk of being wrong 
about 7 times in 100, as 7 times in 
100, deviations greater than + 10 ppm 
are expected. 

Again suppose we do not wish to be 
wrong in our range of quality more 
often than once in 100, then in 99 
times in 100 we must be right. This 
requires an area in one direction from 


Originally it had been intended to 
use sodium fluoride, which would 
have cost about $98,000 a year. 

Equipment to feed the chemical 
into the water was estimated to cost 
about $15,000. 

Friel Named to 
ASCE Board 

Francis S. Friel, president of the 
consulting engineering firm of Al- 
bright & Friel, Inc., Philadelphia, 
Penna., has been appointed a member 
of the Board of Direction of the 
American Society of Civil Engineers 
to fill the vacancy created by the death 
of Joel D. Justin. 

Long active in the Society, Mr. 
Friel is past president of the Feder- 
ation of Sewage Works Assns. and 
is a member of the Board of Trustees 
of Drexel Institute of Technology of 
which he is an alumnus and from 
which he received the honorary degree 
of Doctor of Engineering. 


2 X 46.56 per cent or 93.12 per cent 


+ 3.7. Now we have a narrower 
range but we do not have great confi- 
dence in it because half of the time 
quality of the effluent is expected to 
fall outside the limits of this narrower 
range. 

In the next article we shall trans- 
form the bell-shaped probability curve 
and its integration graph into a 
straight-line on probability paper so 
that answers to questions such as these 
as well as others can be directly read 
at a glance. 


News Item! 
First “Sweet-Water” Well in Bermuda 
Located With Hazel Twig. 

A water-diviner with a hazel twig, 
cut from a nearby bush, has located 
the first sweet-water well ever dug in 
Bermuda. Water was struck at the 
80 ft. level. 

An “U.P.” release from Hamilton, 
Bermuda, tells of a water-diviner 
brought to the island from the United 
States by novelist Kenneth Roberts, 
having located the spot for the well 
drillers. 

The water was tasted by Roberts 
and his drillers who pronounced it 
“clean, soft and fresh.” A laboratory 
analysis later confirmed the taste test 
and certified the well as a partial solu- 
tion to Bermuda’s water supply prob- 
lem. However, no one has attempted 
to predict how long after regular 
pumping starts the water from Rob- 
ert’s well will continue “sweet.” 





SEWAGE TREATMENT PLANT 


EQUIPMENT 


Racks, Comminutors, Grinders, Triturators 


OME years ago Dr. Karl Imhoff 
made a rather extensive tour of 
United States and Canada in 

specting sewage treatment plants 
Near the end of this trip he observed 
to the late Mr. Harrison P. Eddy, that 
“in America it is fashionable to be 
mechanical.”” The trend, as observed 
by Dr. Imhoff, has continued and de 
veloped so that today it is not only 
fashionable, but practically necessary 
“to be mechanical” in order to take ad 
vantage of advances and developments 
in sewage treatment methods and 
processes 


Mechanization of Sewage 
Treatment 


The mechanization of sewage treat- 
ment has not been, and is not free 


of problems which trouble designers, 
manufacturers, and operators. Initial 


installations of new and 
equipment are usually accompanied by 
difficulties necessitating changes, ad- 
justments, and further developments. 
Even in the case of equipment which 
has been used for many years, it is 
desirable occasionally to evaluate ex- 
periences and to consider what lessons 
have been learned and what improve- 
ments can be made. It is recognized 
that the individual experiences may 
not be general. The characteristics of 
sewage and of the materials removed 
therefrom, vary so widely from time 
to time and from place to place that 
individual experience with any par- 
ticular piece of equipment may range 
from highly satisfactory to unwork- 
able. There is an old saying that “what 
is one man’s food is another man’s 
poison,” and another that “the proof 
of the pudding is in the eating.” 


processes 


However, from the extensive ex- 
perience with many treatment plants, 
some general conclusions can be de- 
rived which should be helpful to san- 
itary engineers in their search for the 
best equipment for any particular 
service. 

The designing engineer’s problem 
is to specify and procure equipment 
that will perform the desired services 
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na satisfactory manner tor a reason- 
able life and involve a minimum of 
maintenance and operating expense. 
The manufacturers, without doubt, 
have similar aims, but they are in gen- 
eral in a highly competitive field, and 
unless the plans and specifications are 
clear and specific, the client may not 
always obtain the best equipment for 
the particular service. Much equip- 
ment in the sewage works field is sub- 
jected to abrasive and corrosive condi- 
tions. Equipment must be sturdy 
and careful attention given to choice 
of materials or to painting and pro- 
tective coatings. Ready replacement 
of parts subjected to wear should be 
provided for. Equipment which does 
not satisfactorily perform the service 
for which it was provided causes 
headaches to the operators and re- 
flects unfavorably upon the designing 
engineers and the manufacturers. 


Sewage plant mechanization places 
certain responsibilities on the author- 
ity served. The necessary personnel 
and funds for maintenance, operation, 
renewals and repairs must be pro- 
vided. The personnel must be capable 
and willing to make the equipment 
function in accordance with its pur- 
pose. A great deal of expensive equip- 
ment at sewage treatment plants may 
be seen lying idle, serving no useful 
purpose and deteriorating from lack 
of the necessary funds or the will or 
the know-how to make it work. Some 
of this idle equipment was possibly 
not suitable in the first place, but much 


of it could be operating successfully 
with proper care 


RACKS 

The operation of mechanically 
cleaned racks has frequently been ac- 
companied by excessive wear on movy- 
ing parts, stalling of the rakes, failure 
of float-operating controls to function, 
excessive corrosion of rakes and b 
and other difficulties with resultant 
cessive repair and maintenance cos 
Improvements and refinements in 
sign make it possible to elimin 
some of these troubles. 

The difficulties encountered in t 
operation of large mechanica 
cleaned racks within the Chicago Sai 
itary District, have been given cc 
siderable study and analysis, T 
fundamental principle of design whi 
greatly reduces the cost of main 
nance and repairs as reported by L. 
Johnson" may be summarized as f 
ke ws: 

1. All parts should be designed to ca 
any loads required of them. 

2. Motors should be selected within 
maximum safe stresses of all parts. 
Removable mild steel wearing str 
should be provided on chain guides. 
The rack mechanism should be pivo 
at the floor line so that it can be lif 
out of the flow in the event of a jamm 
rake. 

The chains should be of 

malleable iron. 

The sprocket teeth should be chill 

to produce extremely hard wearing 

surfaces. 

Wide wearing shoes should be provided 

on the chain side bars, 

The rake teeth should be of high bending 

strength and readily replaceable. 

The rakes should be operated intermit 

tently by time switches. 

The city of New York accepted a 
design of mechanical rack-cleaning 
equipment for the Manhattan grit 
chambers in which the teeth entered 
the screen bars against the flow at the 
bottom. Thence the rake moves in an 
upward direction with the teeth pro- 
truding between the bars out on the 
face of the rack carrying screenings 
along the bars and over the top. The 
rakings fall off as the rakes disengage 


(1) Municipal Sanitation, August 1938, page 
391 


heat-treati 
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Bristol, Conn.—Bypass Rack and 
the screen bars. The results of opet 
ation of this installation at the Man 
hattan grit chambers were so satisfac 
fory that the city of New York has, 
we believe, settled upon this type of 
tack for subsequent installations 

\fter a thorough investigation of 
the operation of the racks at the Man- 
Hhattan grit chamber, Mr. Karl R 
Kennison, Chief Engineer, Construc- 
tion Division, Boston Metropolitan 
District Commission, this 
type of rack with some modifications 
for the racks at the Nut Island plant 
in the Boston South Metropolitan 
Sewerage District. This type of rack 
has also been adopted for installation 
ahead of the main sewage pumps at 
the Toronto Ashbridges Bay sewage 
treatment plant 

For a while, it appeared that com 
Minutors possibly would displace me- 
Phanically cleaned racks generally as 
the first step in treatment at sewage 
treatment plants for all except very 
Small and very large plants. However, 
it has developed that comminutors 
may advantageously be preceded by 
grit chambers in order to reduce the 
cost of replacement of worn parts 
Grit chambers are now almost uni 
versally required at sewage treatment 
plants regardless of whether or not 
the sewerage system 1s on the separate 
or the combined plan. In most in 
stances, such grit chambers, particu 
larly where equipped with mechanical 
grit-removal mechanisms should be 
preceded by coarse or medium racks 
Thus it would appear that mechanical- 
ly cleaned racks will still be required 
for many sizeable sewage treatment 
plants in the future 


Operation Control 


Experience has indicated that the 
maintenance work required on racks 


adopted 
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Chicago Pump Co. Comminutors 


is substantially im proportion to th 
hours of operation. Consequently 
controls have been developed to assure 
that the racks will be operated inter 
mittently as needed 

Common methods of control include 
time clocks and floats operating on 
either high-water level in part of the 
rack or the differential water level in 
front of and following the rack 

The clocks can be to operate 
the racks intermittently. To eliminate 
possible overload on the rack between 


set 


periods of operation, it is customary 
to set the operating time interval so 
as to take care of the maximum rate 
»f accumulation of materials on the 





rack. Obviously, for much of the 
time, the rack operates more frequent 
ly than is required, resulting in un- 
necessary wear on the mechanism and 
the controls. The clock controls 
involve less installation cost than float 
or air controls and are not subjected to 
the difficulties encountered with float 
controls. 


on 


Some authorities require that all 
mechanical rack operating units, nor 
mally operated by timing devices, be 
provided with auxiliary float controls 
which will set the raking mechanism 
in operation at predetermined high 
water marks independently of the 
timed control. 

The use of float controls has been 
troublesome at some installations be 
cause of solids accumulating on the 
floats and on suspension cords and 
because of their corrosion in the rack 
channels. The condition as regards the 
accumulation of materials on floats 
has been corrected in part at least, by 
providing float wells adjacent to the 
rack channels and connected thereto 
\ small quantity of flushing water 
creating a flow from the float wells 
into the rack channels can be provided 
to keep the float wells reasonably fresh 
and free of sewage solids. Corrosion 
can be overcome tor the most part by 
careful selection of materials of con- 
struction. 

lo eliminate the difficulties en 
countered with float controls, a sys 
tem of controls which rely on dif 
ferential air pressure in pipes, im 
mersed in the sewage in front of and 
behind the rack has been developed 





Elgin. 1l.—Cage Rack and Chain Belt Co. Triturator 


(Screenings Removed by hand for grinding) 





Chis system is reported to give very 
results. A 
necessary to 


small amount 
activate the 


satistactory 
of air is 
controls 
Rakings 
The materials removed by racks are 
offensive to sight and smell. It is de 
sirable to dispose of them promptly 
with a minimum of handling. Much 
of the material removed by racks can 
be disposed of with the other sewage 
solids after grinding or comminution 
Pieces of metal and sizeable chunks 
of wood should be removed from the 
rakings and disposed of separately 
The common methods of preparing 
the returnable to the sewage 
flow, are by comminutors, grinders, 
and triturators, At the Angeles 
Hyperion plant, the rakings removed 
by the racks ahead of the Dorr detrit- 
ors will be treated by an installation of 
Chicago comminutors. At the Toronto 
\shbridges Bay plant, each of 6 racks 
will be equipped with a Jeffrey grind 
er. The rakings will be discharged 
onto a sorting table and manually fed 
to the grinders after materials not 
suitable for grinding or return to 
sewage flow have been removed 


solids 


Los 


At Baltimore, there are a number 
of installations at which the rakings 
at each rack discharge to a short belt 
conveyor. These rakings are thence 
carried to a separate grinder for each 
rack and are comminuted. Keefer re- 
ports that these installations work 
automatically without the necessity for 
manual removal of metallic and bulky 
materials. The evidence at several 
other plants is that it is not safe to 
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Screenings Grinder—Jeffrey Mig. Co. 


rely upon automatic operation for 


feeding rakings to the grinders. 


COMMINUTORS 

For purposes of discussion the word 
comminutor will be used to denote 
mechanisms which intercept and cut 
up coarse sewage solids while still 
immersed in the sewage flow. Until 
recently the Chicago Pump Co. com- 
minutors have had competition in 
this field primarily from a combina- 
tion of mechanically cleaned rack and 
grinder or triturator. The Worthing- 
ton comminutor has been introduced 
recently and other machines for cut- 





r, Il.—Screenings and Grit Separators Mechanisms by Walker Process Equipment Co. 


ting up solids in the sewage flow hava 
been, or are being developed. 

While the teeth, comb, and drunq 
of the Chicago comminutor have beer 
made of tough, wear-resisting metal, 
experience has shown that the wear is 
considerable, particularly on combined 
systems, unless the comminutors are 
preceded by grit channels. The Chi- 
cago Pump Co. has made recom- 
mendations for location of com- 
minutor in respect to grit chambers 
as follows: 


“Where grit chambers are required to 
remove heavy grit from combined sewage 
or gravel from street-wash, it is preferable 
to locate the comminutors downstrtam from 
grit chambers. 

“Where it is not feasible to locate com- 
minutors downstream from grit chambers 
due to structural difficulties, or to the pos- 
sibility of clogging mechanical grit-removal 
mechanisms by uncut rags, special precau- 
tions should be taken to make the com- 
minutor basin as accessible as possible for 
periodic removal of grit by the operator, 
to prevent undue accumulations.” 

Where grit chambers are required 
but conditions do not make it advis- 
able to install mechanical grit-removal 
equipment, the comminutors usually 
can be conveniently located following 
the grit channels. Where mechanical 
grit-removal equipment is provided 
and comminutors are located ahead of 
the grit channels, then not only must 
the special precautions noted by the 
Chicago Pump Co. be followed but it 
should be recognized by the design- 
er, operator, and owner that the neces- 
sary labor and expense must be pro- 
vided to maintain reasonably sharp 
teeth and to replace worn parts as re- 
quired. 

At the Nut Island plant, Boston, 
it was deemed advisable to install 
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Denver, Colo.—Automatically Cleaned Bar Screens and Chain Belt Screening 


mechanically cleaned coarse bar racks 
ahead of the mechanically cleaned grit 
channels and to provide comminutors 
to handle the normal dry-weather 
flow at the effluent end of the grit 
channels. Supplementary mechanical 
ly cleaned fine screens were provided 
at the effluent end of the grit channels 
to treat storm flows in excess of nor 
mal maximum dry-weather rates. The 
screenings removed by both the coarse 
and fine racks will be returned to the 
sewage flow ahead of the comminu 
tors. The comminutors were supplied 
by the Chicago Pump Co. and the 
rack equipment by the Jeffrey Manu- 
facturing Co 


GRINDERS AND TRITURATORS 


Machines for cutting up sewage 
are removed by racks and 
screens, out of the sewage flow, are 
available in two main types, the grind- 
er as manufactured by Jeffrey and by 
Gruendler and the triturator as manu- 
factured by the Chain Belt Company 
The grinder is designed to grind the 


solids 


Essex Fells, N.J.—Worthington’s Comminutor 
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screenings between a high-speed rotor 
equipped with swing hammers, and a 
serrated shredder plate. The swing 
hammers are commonly made of high 
carbon steel hardened and tempered, 
made easily removable and capable of 
being shifted end to end and side to 
side so as to give four wearing edges 
The shredder bar assembly is also 
usually made of high-carbon steel, 
hardened and tempered, and with 
easily replaceable bars 

rhe titurator at one time consisted 
essentially of a toothed rotor revolv- 
ing at high speed between two grates, 
the cutting teeth intermeshing the 
grate bars. As presently described, 
the toothed rotor operates against a 
perforated screen for positive extru- 
sion of the rakings through the screen 
holes and simultaneous shear cutting 
by the teeth against the screen. 

At Buffalo, N.Y., the screenings 
from the fine racks were passed 
through triturators for the first six 
years of operation at the Birds Island 
plant. For the past four years, how- 
ever, the screenings have been dis- 
posed of by burial after the operators 

sached the conclusion that handling, 
transporting and burial presented less 
of a problem than grinding. At this 
plant, it was found that the screenings 
contained so much hard material, such 
as bits of stone and pieces of metal 
and wood, that the effective life of the 
teeth was very short. New or re- 
sharpened teeth became dull in a very 
few hours of operation and then did 
not properly shred the material passed 
through them. This gave a great deal 
of trouble further along because of 
the condition in which the rags were 
left. 

Both grinders and triturators have 


been in successful operation for at 


least ten years in moderate-sized sew 
age treatment plants with which we 
have been associated as engineers 

Balls of material have been known 
to accumulate on the grinder shredder 
plate which cause trouble later on in 
the plant as they finally drop off. It 
is believed advisable, when feasible, 
to return the discharge from grinders 
and triturators to the sewage ahead of 
the racks 


Other Operating Information 


As typical examples of operating 
installations the following paragraphs 
set forth information on three plants 

\ mechanically cleaned bar rack 
and grinder as supplied by the Jeffrey 
Mfg. Co. was installed at the 
North Adams, Mass., sewage treat 
ment plant during 1936 and has com 
pleted 13 years of operation. The 
maintenance work on the individual 
parts as reported by Paul Fleming, 
Plant Supt., has been very small. The 
rake jams occasionally if the chains 
become uneven, but this has not been 
considered serious by the operators 
\utomatic operation of the grinders 
is not employed as it has been learned 
from experience that large masses of 
rakings will clog the grinder necessi- 
tating opening it up and cleaning it 
out. New rotor weights have been 
placed on the hammers three times in 
13 years. This involves only a mod- 
erate expense. 

A mechanically cleaned bar rack 
and triturator as supplied by the Chain 
Belt Co. and installed at the Tona- 











Thru-Clean Bar Screen by Link-Belt Co. 





wanda, N.Y., sewage treatment plant 
was placed in operation in 1940. The 
operating experience has been re- 
ported to the author by James J 
Kampas, Chief Operator, and Benja 
min Hinkey, City Engr. The rake is 
operated either by time clock or man 
ual control. Large objects have at 
times jammed the rakes at the bottom 
of the rack necessitating dewatering 
the rack channel for their removal. It 
has been found necessary to replace 
the rakes, bars, lower sprockets, and 


Engineering 
Profession Invites 
Suggestions on 
National Water Policy 

Representing the five National 
engineering societies, the Water 
Policy Panel of the Engineers’ Joint 
Council has undertaken the highly 
important and timely task of de- 
veloping a statement on the water 
resources of the Nation, with par- 
ticular reference to the use and 
abuse of water supply sources 

The immediate objective of the 
Committee is the production of a 
statement of professional engineer- 
ing opinion pertaining to policy and 
practice in conservation, utilization 
and protection of water resources, 
with especial emphasis on immediate 
and long range development of pub- 
lic water supply for domestic, indus- 
trial, agricultural and recreational 
uses 

The Water Policy Panel of E.J.C. 
has been asked by the President's 
“Temporary Water Resources Com- 
mission” to speed the development 
of its report for consideration by and 
guidance of this important new Fed- 
eral agency. In consequence the 
Task Committees, named jointly by 
the E.J.C. Water Panel and the 
Panel's special Coordinating Com- 
mittee, are working under pressure to 
develop recommendations on a water 
resources policy at the Nationai, 
State and Municipal levels within a 
60 day period, the deadline being set 
as June 1, 1950. 

The Water Policy Panel's special 
Coordinating Committee to which 
the eight Task Committees will re- 
port is headed by Dr. Abel Wolman 
of Johns Hopkins University as 
Chairman. W. W. Horner of St. 
Louis, past-president of A.S.C.E., is 
general chairman of the Water Pol- 
icy Panel. 

The eight Task Committees, ap- 
pointed jointly by Chairman Horner 
and Wolman, and their respective 
Chairmen are— 

Comm. No. 1 
dustrial Water Supply and 


-““Domestic and In- 
Pollu- 
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scraper arms because of wear and 
tear. The triturator teeth are periodi- 
cally sharpened and need to re 
placed on the average after two to 
three years of service 

Inquiry has also been made as to 
the operation of the rack equipment 
at the Bloomington and Normal Sani 
tary District. In the January 1940 
issue of Water Works and Sewerage, 
the satisfactory operation of the Chain 
Belt mechanically cleaned bar rack and 
triturator Orie J 


be 


was described by 


tion” (Chairman, L. R. Howson, 
Cons. Engr., Chicago ) 

Comm. No, 2—‘Flood Control and 
Water Flow Retardation” (Chair- 
man, J. A. Short, Mo. Dept. of Re- 
sources and Development, Jefferson 
City, Mo.) 

Comm. No. 3—‘Navigation and 
Water Transportation” (Chairman, 
Col. Cary H. Brown, Eastman Kodak 
Co., Rochester, N.Y.) 

Comm. No. 4 “Trrigation”’ 
(Chairman, S. T. Harding, Univ. of 
California, Berkeley, Calif.) 

Comm. No. 5— “Hydro-electric 
Power” (Chairman, Col. F. W. 
Sheidenhelm, Cons. Engr., New 
York) 

Comm. No. 6—‘Recreation, Fish 
and Wild Life Aspect of Water Re- 
sources” (Chairman, M. P. O’Brien, 
Univ. of Calif., Berkeley, Calif.). 

Comm. No. 7—“Basic Water Re- 
sources Information” (Chairman, CG. 
R. Williams, Cons. Engr., New 
York) 

Comm. No. 8—‘“Land Drainage” 
(Chairman, Edmund Friedman, Cons. 
Engr., Miami, Fia.). 

At the organization and planning 
meeting of Task Committee Chair- 
men, with members of the E.J.C. 
Water Panel and Coordinating Com- 
mittee, it was the expressed desire of 
the Committee Chairman and the 
sense of the group that expressions of 
opinion and constructive suggestions 
regarding a National Water Policy be 
invited from the engineering profes- 
sion at large, water supply officials 
(domestic and industrial) and stream 
control authorities. 

It is thus the expressed wish of the 
Task Committee Chairmen that on a 
matter of such importance to the Na- 
tion at this juncture that this desire 
for opinions and policy statements be 
given wide distribution. 

Time being extremely short in 
which to develop the composite Emer- 
gency Report for use by the Presi- 
dent's Water Resources Commission, 
constructive suggestions and recom- 
mendations to Task Committee Chair- 
men must be contributed promptly. 
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Hendryx, then Supt. of the Blooming 
ton Normal Sanitary District 
Mr. George L. Hall, the present 
superintendent of this plant reports to 
the author that the original equipment 
is still in use except that the chain was 
replaced in 1948. Equipment to re 
place the lower boot section including 
sprockets and pins is at hand to make 
this replacement when it becomes 
necessary. Mr. Hall reports that the 
operation of the equipment during the 
past eight years has been satisfactory. 


and 


It Has Come to This! 


The water supply situation in New 
York City has caused the Depart- 
ment of Water Supply to issue ad- 
vance notices that there will be no 
sprinkling of lawns or watering of 
gardens permitted this summer. No 
air conditioning equipment will be 
permitted to operate unless or until 
water conserving evaporative 
densers, or the equivalent, are in 
stalled 


cons 


Looking ahead to the effects « 
water supply restriction during nex 
summer, and probably for some sum 
mers to come, many establishment 
are putting down drilled wells al 
over the city and developing inde 
pendent emergency supplies. 


One of the most publicized o 
these emergency wells is that whic 
is being drilled out in the right fiel 
corner of Ebbett’s Field, hom 
grounds of the Brooklyn Dodger 
baseball club. The 135 ft. well is ex 
pected to yield 60 gals. per minut 
which will be sufficient water to keey 
the grass green, wash down the seats 
and supply most of the other wate 
requirements of the field excep 
drinking water. Someone, however 
has pointed out that the contracto 
putting in the well and supply system 
is an ardent “Yankee” fan, so it 
could be that something might hap- 
pen to this venture. 


The investment in the well and 
other parts of the system will go to 
$10,000 and possibly higher—prov- 
ing that WATER can be worth what 
you have to pay to get it when there 
is no other way. 


In connection with the flat (fixture 
and outlet) rate system employed by 
the N. Y. Citv Dep’t. of Water Sup- 
ply for its “Water Tax” charges a 
question is posed. Will the City (can 
it legally) charge us for the three 
outside hose connection on which we 
are “water taxed,” as long as the con- 
sumer is forbidden to use such out- 
lets? 
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A SENSITIVE TURBIDIMETER 


ECISE measurements of the 
turbidity of water and other 
liquids in the very low range is a 


difficult matter. Visual methods, with 
or without instrumental aids, are not 
entirely satisfactory because of the 
factor of personal judgment involved. 
Photoelectric methods offer means of 
avoiding this factor, but are technic- 
ally difficult of application when ex- 
tremely low turbidities are involved. 
If in this method, percent absorption 
due to the turbidity is to be measured, 
it is necessary to measure the very 
small difference between two fairly 
large photocurrents, each or both of 
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which may be subject to slight erratic 
variations due to environmental fac- 
tors not under strict control. If 
nephelometric methods are employed, 
it is necessary to measure the photo- 
current generated by the extremely 
small amount of light scattered by the 
particles in water of low turbidity. 


This procedure is not feasible if the 


convenient self-generating type of 
photocells are to be employed. 

Since precise and highly reproduc- 
ible measurements of low turbidity 
are much to be desired in water puri- 
fication plants in routine and experi- 
mental work, an effort has been made 
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to develop a suitable photoelectric 
turbidimeter applicable in the range of 
0 to 10 ppm. The method adopted as 
being most practicable was that of 
measuring light absorption due to the 
turbidity, and in order to obtain per 
cent absorptions high enough to be in 
the measurable range a long absorp 
tion cell is required. Under these con- 
ditions, extreme rigidity of construc- 
tion is necessary to obtain the required 
stability. 


The Instrument Developed 


The instrument, shown in general 
view in Figure la and schematically 





























Figs. la & 1b—Schematic General View of Photoelectric Turbidimeter 
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Fig. 2—Wiring Diagram—A Well Known Circuit 
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FIG. 3 
Details of Cell Base 
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FIG. 4 
Details of Spring. 





Fig. 3-—Details of Cell Base and Socket 
Fig. 4—Details of Cell Tube Spring Clamp 


in Figure 1b, is mounted permanently 
on a wall with the graduated dial at 
eye-level. The case is divided into 
three compartments, each with a 
hinged door. In the bottom compart- 
ment a 15-cp clear 6v. lamp is rigidly 
mounted with the filament on the axis 
of the instrument and placed as close 
as convenient to the bottom of the 
absorption cell. This allows a large 
solid angle of radiation to be received 
by the bottom of the cell, and almost 
all of this incident light is transmitted 
to the top of the cell because of total 
reflections from the inner surface of 
the tube. The lamp is operated by a 
storage battery maintained at medium 
charge by a trickle charger. Since 
light is required for only a short pe- 
riod for each measurement the de- 
mand on the battery is not large. The 
highly constant voltage supplied by a 
battery is essential when such small 
increments of absorption are to be 
measured. Below the lamp a compari- 
son photocell PC., is mounted, over 
which are placed the color filters F, 
and F2, and the adjustable shutter, S, 
which is used in the initial balancing. 


The removable absorption cell in 
the middle compartment is a glass 
tube 100 cm. long by 3.0 cm. diameter, 
closed on the bottom by a glass disc 
held in a brass ring, both of which 
are cemented to the tube to make a 
water-tight joint. A line is etched 
around the tube 1.5 cm. from the top 
to serve as a convenient reference 
mark in filling. The tube requires a 
sample of 550 ml. partition between 
this compartment and the lower one is 
a brass plate with a central round 
hole, around which is a brass socket 
which receives with a close fit the 
brass ring on the bottom of the ab- 
sorption tube. A pin in the cell bot- 
tom engages a slot in the socket, so 
that the cell can be returned to the 
instrument always in exactly the 
same position. Details of the con- 
struction of these items are shown in 
Figure 3. The upper end of the ab- 
sorption cell is held in a spring clamp, 
the details of which are shown in Fig- 
ure 4. 

The upper compartment contains 
the measuring photocell PC, and its 
associated filter Fs. On the door of 
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this compartment are mounted the 
galvanometer and slide-wire SW, with 
its graduated dial. The second slide- 
wire SW, is mounted on the side 
of the case and is adjusted by a small 
knob on the outside. 


How the Turbidimeter Operates 

The wiring diagram, a well known 
photoelectric circuit, is shown in Fig- 
ure 2 where the parts are placed in ap 
proximately the same position they oc- 
cupy in the instrument. The photo- 
cells (Weston, photronic 594RR) 
were selected to match as closely as 
possible. The measuring cell PC, 
is shunted by a resistance circuit com- 
posed of a fixed resistor Ry of 1900 
ohms and a slidewire SW. of 100 
ohms in series. This control is used 
as a fine adjustment in balancing. The 
comparison photocell PC, is shunted 
by a 1000 ohm fixed resister R, and 
the precision slide-wire SW, of 1000 
ohms. The photocells are therefore 
shunted by equal resistances, and if 
they receive light fluxes of equal in 
tensity will produce equal photocur 
rents and therefore equal voltag 
drops across their respective resist 
ances. This condition is shown by zer 
galvanometer deflection when it i 
connected as shown. When PC, re- 
ceives less light flux due to the absorp- 
tion of the sample, the voltage drop 
across its resistors is less, and th 
galvanometer balance is obtained 
with the moving contact of SW, at a 
lower point of the slide-wire. The 
dial on this slide-wire measures the 
light absorption of the sample direct- 
ly, and covers the range from 0% to 
50%. The galvanometer used is a 
relatively inexpensive micro-ammeter, 
25 microampere movement with cen- 
ter zero. 

In order to render the instrument as 
insensitive towards color as possible, 
color filters F, and Fs are inserted in 
front of the photocells as shown. 
Corning No. 3482 filters (unpolished 
2 inch squares) were chosen for this 
instrument, as they pass approxi- 
mately the same wavelength band as 
the color of natural waters. In addi- 
tion a Corning No. 3966 filter (heat- 
absorbing ) was placed over the lower 
photocell to minimized heating of the 
sensitive surface due to its close prox- 
imity to the lamp. 

To balance the instrument, the ab- 
sorption cell is filled with distilled 
water to the mark and placed in the 
instrument. It is imperative that the 
outer surface of the tube be kept free 
of contamination by finger prints, lint, 
etc., and that sufficient time be allowed 
for air bubbles to escape. Slide-wire 
1 is then set at zero on the dial, and 
slide-wire 2 at about its mid-point. 
The lamp is then turned on and the 
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galvanometer brought to zero by ad- 
justing the shutter over PC.. Some 
uijustment in the shape of this shut 
ter may be required to enable this bal 
obtained. When 
minor adjustments 
from day to day are made by adjust 
ing slide-wire 2 


Calibration Procedure 


rhe mstrument is calibrated by the 
use of a standard turbidity of 100 
ppm. prepared according to Standard 
Methods of Water and Sewage Anal- 
Dilutions of this standard within 
the range of the instrument are pre 
pared using distilled water, and the ab- 
sorption of each is determined by 
balancing the galvanometer by using 
slide-wire 1. A curve connecting per 
cent absorption with turbidity may 
be constructed from which unknown 
samples are read. More conveniently 
for routine work a table showing the 
turbidity corresponding to each of 
the dial divisions may be prepared 


ance to he this 1s 


accomplished, 


ysis 


In any prolonged series of readings 
a small drift of the zero will be en- 


J. Doman Joins 
New Consulting Firm 
Joseph Doman, Sanitary Engineer 
for the Town of Greenwich, Conn., 





ed 


since 1941 has left that 
become associated as Sanitary Engi- 
neer with the recently organized con- 
sulting engineering firm of Hurley, 
Capocefalo and Associates of 348 
Main St., Winsted, Conn. Mr. Hurley 
is a former governor of Connecticut 


position to 


Governor of New Jersey 
Urging Establishment of 
State Water Authority 


Governor Driscoll, spurred on per- 
haps by resolutions drawn by the 
New Jersey section of AWWA, is 
said to be planning to seek early leg- 
islative action creating a State Water 
Authority. The first project of such 
an agency would be to complete an 
earlier proposed Delaware and Rari- 
tan Canal Water Supply Project 
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countered. Occasionally a tube of dis- 
tilled water should be read among the 
unknowns, and appropriate correc- 
tions applied. The photocells are sub- 
ject to “fatigue” when illuminated for 
a considerable time. It is therefore 
good practice to leave the lamp on for 


which the New Jersey Legislature 
authorized in 1948. 

The proposed State Water Author- 
ity would be further empowered to 
develop other sources of water for 
public water supply within the state. 

The matter of a State Water Au- 
thority has been discussed on various 
occasions, earlier, but the recent 
water supply deficiencies in the state 
has brought the matter to a head 
\nother reason is the failure of New 
York, Pennsylvania and New Jersey 
to come to satisfactory terms on an 
Interstate Water Compact. In this 
New York appears to have the 
“whip-hand” in as much as it con- 
trols the headwaters of the Delaware. 


Education and Utilization 
of Sanitary Engineering 


In the Public Health Reports Vol. 
65, No. 11, for March 17, 1950, ap- 
pears a report from the Division of 
Engineering Resources, Bureau of 
State Services in the Public Health 
Service. The report deals with “Prin- 
ciples of the Education and Utiliza- 
tion of Sanitary Engineers.” Eight 
principles are set forth as agreed upon 
by a group of 36 persons representa- 
tive of both producers and consumers 
of young men educated in Sanitary 
Engineering. 

To obtain a copy of this report, 
write to the Supt. of Documents, U.S. 
Govt. Printing Office, Washington 25, 
D.C. Enclose 10 cents. 


only a short period, say thirty sec 
onds, while balance is being obtained 

Figure 5 shows the calibration data 
actually obtained. The curved line, 
reading on the right hand side of the 
chart, shows the turbidity correspond- 
ing to the slide-wire dial divisions 
Since repeated readings on the same 
sample can be reproduced to within 
about one division on the dial it is evi 
dent that turbidities below 1 ppm. can 
be read to the nearest 0.1 ppm. The 
straight line of Figure 5, reading on 
the left hand side of the chart, is a 
plot of the percent transmissions on 
a logarithmic scale of the same stand 
ard turbidity samples. Beer's law 1s 
closely followed within the range 
shown. 

The photoelectric turbidimeter has 
been found to be of great practical 
value in such problems as evaluating 
the quality of effluent from different 
filters, and of the same filters under 
different circumstances such as vari- 
ations in applied water, filter rates, 
of head, and thoroughness of 
washing. 


loss 


Fred. Ohrt Helps Draft 
Hawaiian Constitution 


Frederick Ohrt, the popular Man- 


ager and Chief Engineer of the 


Board of Water Supply, Honolulu, 
T.H., was elected a delegate to the 
Territorial Convention which con- 
vened April 4 in Honolulu to draft 
an Hawaiian Constitution. The ter- 
ritory is anxiously awaiting action 
by the U. S. Senate on its bid for 
statehood. The House of Represen- 
tatives has already approved admis- 
sion of Hawaii to the federal union 
as a state. 

Mr. Ohrt, a candidate at large 
from Hawaii's Fifth Representative 
District, led a field of ten in the num- 
ber of votes received. Only five of 
the ten contenders in the race could 
be elected. 

Many of our readers will remem- 
ber Fred. Ohrt as a consistent at- 
tender of the annual conventions of 


A.W.W.A. 





WATER TREATING EXPERIENCES 


Handling Soft Lake Water at Fort Smith, Ark. 


FUDIES of the Poteau River 
supply at Fort Smith during the 
late twenties and early thirties 
indicated that high salt (chloride) 
content backwaters of the Arkansas 
River were becoming more frequent 
and of longer duration. Since there 
was no feasible way for Fort Smith 
(in Arkansas) to control the Poteau 
River, most of which is in Oklahoma, 
the city decided to develop an entirely 
new source of supply. W. R. Holway 
of Tulsa was retained as consulting 
engineer to make preliminary surveys 
for selecting the best available source 
of supply and, later, to design and su- 
pervise construction of the entire proj- 
ect 
The preliminary studies indicated 
that an impounding reservoir on Clear 
Creek, a mountain stream near Moun- 
tainburg, Ark., would offer the best 
solution for a new source of supply. 
The Clear Creek water was of excep- 
tional purity, adequate in quantity and 
the elevation of the proposed dam site 
was such as to make gravity flow into 
the city feasible. Based on Mr. Hol- 
way 's recommendations, Fort Smith 
voted the necessary revenue bond is- 
sue to finance the construction of a 
dam on Clear Creek, a new and mod- 
ern purification plant to treat the lake 
water and a pipe line to conduct the 
treated water into the city. The proj- 
ect included strengthening the 
distribution system in the city and 
covering the then existing high eleva 
tion filtered water storage reservoirs 
within the city limits. Actual con- 
struction was started in 1935. The 
entire project was finished and placed 
in operation during May, 1936 


Influence of Drainage Area on 
Water Quality 

The entire drainage area of Lake 
Fort Smith, is in the Boston Mountain 
range of the Ozarks. A large per- 
centage of the area is wooded, the 
soil is rocky and generally unsuited 
for agriculture. There are no lime- 
stone out-croppings in the drainage 
area and hence the water is very low 
in alkalinity, low in bicarbonate hard- 
ness and has a low pH. There are a 
few low grade manganese ore out- 
cropings in the immediate lake area 


also 


The Third of a Series of Articles 


by 
A. H. ULLRICH, 


Superintendent Water and Sewage Treatment 


AUSTIN, TEXAS 


The Author 
which are responsible for the few 


tenths of a part per million manganese 
in the lake water during turn over 


Having heard Mr. Ullrich speak on 
various occasions, the editors real- 
ized that he is well qualified to pre- 
sent to the readers of Water and 
Sewage Works a series of articles 
discussion some of his varied experi 
ences in treating waters of vastly dif- 
ferent characteristics 











Lake Intake Tower 
Intake Gates at 7.5-22.5-37.5 ft. Below Spill- 
way Level. 


periods. Turbidities of the raw lake 
water are generally although 
heavy rains have caused turbidities as 
high as 1,600 ppm. The turbidities 
which are encountered are normally 
very fine and colloidal in nature. It is 
likely that the low alkalinity and low 
pH together with the fineness of the 
turbidity are all factors which cause 
the turbidity to stay in suspension. At 
any rate, there is very little silting in 
the lake except at the extreme upper 
end, where heavy material is depos- 
ited. Fortunately the creek above the 
lake usually clears very rapidly after a 
heavy rain and this clear water then 
displaces the turbid water by pushing 
it over the spillway. For this reason 
the upper level of lake water is usu- 
ally quite clear by mid June and heavy 
algae growths may be expected in this 
level during the remainder of the sum- 
mer 

Since there are few soluble minerals 
in the drainage area the lake water is 
low in total dissolved solids. The fol- 
lowing table gives the minimum, max- 
imum and average values for the more 
common constituents of the raw lake 
water for which routine tests were 
made in 1946: 


PARTS 


low, 


Per MILLION 


Minimum Maximum Average 


Total Alkalinity 10.0 
Total Hardness 14.0 
Chloride 8 
Iron (Fe) 01 
Manganese 0.0 
Turbidity 10.0 
pH 6.1 


A TyPIcaL QUALITY OF THE TREATED 
WATER IS REVEALED IN THE FoLLow- 
ING ANALYSIS 
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The following table gives the mini- 
mum, average and maximum values 
for some of the routine tests made on 
the treated water in 1946: 
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Originally 


6 MGD Capacity Increased in 


The Mountainburg Filtration Plant 
1943 to 9 MGD; 


Amongst 





Earliest to Install 


Surface Filter Wash System and Porous Plate Filter Bottoms. 


Parts Per MILLION 


Minimum Average Maximum 


Total Alkalinity 13.0 20.0 36.0 


Total Hardness 29.0 45.5 66.0 
Dissolved Oxygen 2.0 7.4 11.5 
pH a0 a6 96 


Influence of Lake on Water Quality 


Lake Fort Smith is quite small in 
that its storage capacity is only 3.9 
billion gallons. However, the average 
annual rainfall from 1937 to 1946 in- 
clusive, was 48.34 inches so that the 
slightly more than 74 square miles of 
drainage area has furnished a more 
than adequate supply of water. It is 
interesting to note that the minimum 
annual rainfall during this period was 
36.41 inches in 1940 and the maxi- 
mum was 75.81 inches in 1945, While 
the lake at spillway elevation covers 
only 438.2 acres and it is only 2.5 
miles long it is quite deep for a lake so 
small in size, being 65 feet deep at the 
intake tower when full to the spillway 
elevation 

The lake depth of 65 feet is suffi- 
cient to cause definite’ temperature 
stratification of the water. During the 
summer months water temperature 
variations from 84 F at the top to 52 
degrees F at the bottom are common. 
Since the intake tower has three fixed 
intake valves located at effective 
depths of 7.5 feet, 22.5 feet and 37.5 
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feet below the spillway elevation it is 


usually possible to obtain summer 
water temperatures of 84 degrees F 
from the top valve, 64 degrees F water 
from the middle valve and 54 degrees 
F water from the lowest valve. In 
addition to the temperature variations 
there may also be variations in other 
characteristics such as the pH, alka- 
linify, turbidity and algae growths. 
Usually, during midsummer the pH 
of the upper level water may increase 
to 7.0 or even to 7.1 while the pH of 
the lower level water will be only 6.1. 
Conversely, the turbidity of the upper 
level water may decrease to 2.0 ppm., 
while the lower level water is still 10.0 
ppm. or greater. Likewise, when the 
turbidity of the upper water becomes 
low the algae growths there may be 
come heavy while such growths are 
still almost entirely absent at the lower 
levels. 

The question of whether or not 
there is an advantage in having intake 
structures which permit the drawing 
of water from different elevations has 
frequently been raised. In the author’s 
experience the answer has always been 
yes. As noted in a previous article, 
at the old Poteau River plant at Fort 
Smith water was always taken through 
the upper intake valve during high 
river stages to avoid the higher tur- 
bidities of the lower water. At the 


Lake Fort Smith plant the procedure 
was usually to take water from the 
upper valve after the fall lake turn- 
over period and during the winter 
and spring months when there was a 
possibility of the upper water having 
a slight advantage in lower turbidities. 
Later, as the turbidity of the upper 
water decreased and algae growths in 
it became troublesome it became 
standard practice to take water from 
one of the lower valves in order to 
avoid the algae. Due to its higher 
turbidity, lower pH and lower temper- 
ature the lower level water is more 
difficult to coagulate and settle but 
the increase in coagulant cost is more 
than offset by the saving in activated 
carbon and longer filter runs. 


THE FILTRATION PLANT 


The Lake Fort Smith plant is a 
modern treatment plant designed for 
coagulation, settling and filtration. 
The original plant had one over and 
under baffled quick mix unit, two In- 
filco Supermix Flocculators, two set- 
tling basins, four 1.5 MGD filter units 
and clear well of 11 MG capacity 
Later one additional settling basin and 
two additional filter beds were added. 

The original Infileo Supermix floc 
culation units had seventeen sprockets 
and five chains in each unit, all sub- 
merged and operating in soft, low 





pH water. Sprocket and chain fail 
ures were frequent so the units were 
rebuitt to eliminate all but five sub 
merged sprockets and two submerged 
chains. Sprocket and chain failures, 
while less costly, were still trouble 
some so dry wells were built at one 
end of each flocculator tank, stuffing 
boxes were instailed in the tank walls 
and the paddle shafts were extended 
through the stuffing boxes to permit 
the use of oil lubricated chain drives 
This solved the excessive and 
troublesome upkeep of these mechan- 
ical mixers. At the time the 
Lake Fort Smith plant built 
(1935) it common practice to 
use submerged driving mechanisms in 
mechanical flocculators. Many of the 
manufacturwers of this type equip 
ment later changed to a dry well, oil 
lubricated drive design 


cost 


when 
was 


was 


The original filters were equipped 
with conventional perforated cast iron 
underdrains with the filter sand sup 
ported by the usual graded gravel lay 
ers. Since the plant was designed for 
coagulation and filtration and no soft 
ening was involved the filter sand se 
lected was quite fine, having an effec 
tive size of approximately 0.45 mm 
These filters did an excellent job of 
filtering but since, as will be noted 
later, the water was difficult to co- 
agulate and settle, we soon experi- 
enced trouble with mud ball forma- 
tion. After trying various chemical 
cleaning methods without success, we 
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installed a 
ing system on an experimental basis 
in one-half of one filter. This worked 
so well in breaking up the mud balls 
which had started forming that Bay- 
type surface washing systems 
were installed in all the filters. Other 
type surface washing systems were 


tayliss type surface wash 


liss 


ruled out in our case because we had 
only low pressure water from our 
wash water tank available and we did 
not wish to install a booster pump for 
this purpose only. In our opinion the 
Bayliss system has the advantage of 
working well with low pressure watet 
of giving good coverage in any 
It does have the dis- 


and 
shape filter box 
advantage of requiring a great deal of 
pipe work. 


Air Binding and Bed Inversion 
Troubles 


Before we learned to avoid the high 
algae concentration water in the sum 
mer season by changing to lower level 
lake water we experienced consider- 
able trouble with light, fluffy algae 
floc carrying over to the filters. This, 
of course, caused rapid filter clogging 
and, if the filters were not washed be- 
fore excessive loss of head build up, 
a partial vacuum or negative head 
would result in the underdrains. Since 
the upper level lake water is normally 
high in dissolved oxygen (air) these 
negative heads would “pull” air out 
of the water and cause air binding. 


211 


Phen if the operator became rushed or 
too impatient and failed to work the 


air out of the bed slowly, and failed to 


use caution in opening the wash water 
valve in the washing operation, there 
was great danger of disrupting the 


entire filter bed. On one occasion 


when the author inspected the plant 
early one morning he actually found 
a large circular coating of sand on 
the ceiling above the filter. On ques- 
tioning the operators he learned that 


the night operator had permitted the 
filter to become completely airbound, 
had taken the filter out of service for 
washing, had opened the wash valve 
too rapidly and, to his amazement, had 
blown some sand all the way to the 
ceiling. Needless to say, the operators 
had been instructed differently but 
apparently these things do happen. At 
any rate we suspected that there had 
been a good deal of mixing of gravel 
with our sand during the first summer 
the plant was in operation. This sus- 
picion was confirmed both by inspecg 
tion of the filter beds and by the fact 
that some of the filters began to pas 

sand through their underdrains. 


Porous Plate Bottoms Installed 


Continued trouble with air binding 
and the possibility of mixing the vari 
ous sizes of filter media during wash 
ing led us to replace the original un 
derdrain with Aloxite Brand Porou 
Plates in one experimental filter it 





Fort Smith’s Mountainburg Filtration Plant 


Original Infilco Supermix Flocculators and Settling Basins Beyond. 
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Fort Smith's Mountainburg Supply Line 


Bitumastic Lined 27” 


Credit to Whom 
Credit is Due 


On page 122 of our March issue 
appears a useful graph for determin- 
Sing the proper dilution of samples in 
the 5-day B.O.D. test 

This graph was offered for publi- 


cation by John R. Wolfe, Asst. Sani- 


tary Engr. of the Ohio Dept. of 
Health. In his letter, accompanying 
the graph it was requested that credit 
for the development of the graph be 
given the Ohio Dept. of Health 

’ Laboratory and not the Engineering 
Division. This we regret not 
done through oversight. 


was 


Danse Warns Not to 


Expect Federal 
Assistance on 


Sewerage Financing 


L. A. Danse, Chairman of General 
Motor’s Industrial Waste Control 
Committee, and also member of the 
Federal Water Pollution Advisory 
Board, has been advising commu- 
nities and all concerned that it is 
futile to look for any financial hand- 
outs from Uncle Sam in connection 
with sewage disposal problems. 

Danse said, “It’s cheaper to do it 
yourself. The money comes from 
you in the first place and Washing- 
ton takes its cut on every dollar dis- 
tributed as a grant before it gets 
back to you.” 

Danse also is warning that delays 
will prove costly because—“The 
laws are accumulating more teeth. 
You are growing all the time, and 
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Steel Pipe—23 Miles of It 


Brings Soft Water to Town 


your problem is getting bigger the 
longer it is left unsolved.” 

Mr. Danse, as a member of the 
Federal Water Pollution Advisory 
Board, should know whereof he 
speaks 


Edward S. Cole 
Dies in 79th Year 


Founded The Pitometer Co. of N.Y. 
and London After Inventing 
the Pitometer 


Edward Smith Cole died en March 
18th in his Upper Montclair, N. J., 
home. He was 78. 

Mr. Cole, a member of the Am. 
Society of Civil Engrs., an Honorary 
Member of the American Water 
Works Association, fellow of the 
American Society of Mechanical 
Engrs., and recipient of its Worces- 
ter-Reed-Warner Medal, was best 
known in the engineering field for 
his invention of the flow measuring 
“Pitometer,” the “Cole Recorder,” 
and the “Pitometer Log,” which was 
successfully used on warships for re- 
cording the speed and distance trav- 
elled by ships of the U. S. and Brit- 
ish Navies. 

Mr. Cole attended the Univ. of II- 
linois and, later, Cornell University 
from which he received his engineer- 
ing degree in 1894. His first job was 
on the construction of the Chicago 
Water Works in 1894, as assistant to 
his father, John Adams Cole, who 
was construction engineer on the 
project. In 1896 he conceived of and 
perfected the “Pitometer” for meas- 
uring the flow of water through pipe 
lines under pressure. This develop- 


1941. The original sand in this filter 
was saved when it, together with the 
gravel and underdrain laterals, was 
removed. All the gravel was screened 
out and the sand was then placed on 
top of the newly installed plates. After 
the change to porous plates this filter 
gave excellent service and on the 
strength of its trouble free operation 
the two additional filters installed in 
1943 were equipped with pcrous 
plates. Recent reports received from 
Fort Smith indicate that they are 
still enthusiastic about the trouble 
free operation of all the porous plate 
filters. The author's experience with 
these installations has convinced him 
that porous plates have definite ad- 
vantages when used with a non- 
incrusting water. 

In the next article of this series the 
author will discuss the treatment 
methods used with the soft Lake Fort 
Smith water. 


ment represented the first practical 
adaptation of the principle of the 
long known Pitot Tube, which was 
also to prove of commercial import- 
ance. Cole’s new flow measuring in- 
strument was first used in connec- 
tion with a survey of the water dis- 
tribution system of Terre Haute, 
Ind., to detect and locate water losses 
through hidden leaks and illegal con- 
nections. After this successful dem- 
onstration, the use of the “Pitome- 
ter” rapidly gained recognition and 
prominence in diagnosing defects in 
water systems, low pumping efficien- 
cies, extent of friction losses, etc. 

In 1904 Mr. Cole founded The 
Pitometer Co. of N. Y. City and in 
1927 established a subsidiary com- 
pany in London. He served as presi- 
dent of both companies until 1947 
when he retired. He leaves his 
widow, a daughter and two sons, one 
of which, E. Shaw Cole, is Chief 
Engineer of The Pitometer Co. 


Short Course on 
Flow Measurement 

The Department of Civil Engineer- 
ing and Extension Services of the 
Pennsylvania State College has an- 
nounced a Short Course on Flow 
Measurement for Civil, Sanitary, Me- 
chanical Engineers, Municipal Engi- 
neers, and representatives of manu- 
facturers of instruments, etc. 

The staff will be headed by Dr. 
Andre L. Jorissen, Assoc. Prof. of 
Civ. Engineering as Course Chairman. 
The course will be held from June 5 
to 15, entrance fee $25 plus living 
expenses. For further information 
write to Dr. Andre L. Jorissen. 





M.LT. Announces 
Improvement in Beet 
Sugar Manufacture 

Will Reduce Waste Load Appreciably 


announcement 
Clair 
San 


According to an 
from Mass. Inst. of Tech., Dr 
N. Sawyer, Assoc. Prof. of 
Chem., and Dr. E. A. Pearson, now 
of Univ. of Calif. have developed a 
new process of waste treatment which 
will make an important improvement 
in the efficiency of manufacture of 
beet sugar. The new waste treatment 
process increases the yield of sugar 
from every ton of beets by about four 
pounds and at the same time reduces 
water consumption by at least 320 
gal. per ton 

rhe process involves the treatment 
of waste waters with chlorine to de- 
bacteria in the mill’s process 


stroy 
This allows for a rapid sep- 


water 


CHART FOR CALCULATING CIRCULAR EXCAVATIONS* 


This chart will be found handy for determining the 


aration of non-sugar impurities. The 
small concentration of valuable sugar 
which remains in the chlorine treated 
water can he that 
water can be re-used for sugar extrac- 
tion instead of being discharged to 


recovered since 


waste 

Studies by Dr. Sawyer indicate that 
the savings during the first year should 
be sufficient to pay for the cost of the 
new treating equipment. 


Federal Loans For 
Public Works 


Included in the first approvals of 
applications for Federal loans to be 
used for plan preparation of State 
and local public works, were 25 sew- 
age treatment plants and collection 
systems, five of which will cost more 
than $1 million each. One sewer sys- 
tem will run more than $4 million and 
two will cost about $3 million. 


A.W.W.A. Convention Bound 
See you in “Phila.” May 21-26 


yardage in circular excavations such as circular pits, 
cellars, wells, shafts, etc. It gives the amount of space 
occupied by circular tunnels or sewers or anything of 
that sort. Its application to circular excavations 1s 
practically unlimited. Simply lay a straightedge across 
the chart and column B immediately gives the yardage 
For example: How many yards must be excavated to 
make a pit 10 ft. in diameter and 30 ft. deep? 
Connect the 10 in column A. with the 30 in column 
C and column B at once shows the yardage to be very 


FEET 


4 


FEET 


close to 87 cubic yards. 

The chart will be found to be sufficiently accurate for 
nearly all work of this nature, and the range of the 
chart is wide enough to include nearly every size of 


DIAMETER, 
CUBIC YARDS 


DEPTH, 


circular excavation ever made, or likely to be made. 


*Contributed by W. F. Schaphorst, M.E., Newark, N.J 
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(Courtesy the Canadian Section) 
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WATER MAIN STERILIZATION 


Some Notes on Procedure and Special Equipment 


HE recent drought in the East- 

; ern States and the expanded pro 

gram of water main extensions 
now being executed by numerous 
water works has brought renewed at 
tention to the disinfection of new and 
old mains. The many requests for 
exact information on main steriliza 
tion indicate the need for a review of 
the subject. It is the intention of this 
paper to review main sterilization ; the 
need, the procedure, and the available 
equipment 

Water pipe laying on the ground 
before installation in a trench is sub- 
ject to many possibilities of contam- 
ination. Also, there is always great 
possibility of contamination while the 
line is being made up. One cannot pre- 
dict when undesirable bacteria are in 
the soil of the trench, nor can one 
predict the quality of the water that 
may find its way into the open end of 
the pipe. 

Recognizing these probabilities, the 
American Water Workers 
tion has developed an excellent pro 
cedure for the disinfection of new 
and repaired water mains. “4d Pro- 
cedure for Disinfecting Water Mains 
7D.2-1947""" is available from the 


Ass la 


by 
HENRY F. MUNROE 


Chemical Engineer 
% PROPORTIONEERS. INC. % 
PROVIDENCE. R. I. 


The Author 


\merican Water Works Association, 
500 Fifth Ave., New York 18, N. Y 
This method has been developed by a 
committee with years of experience 
in the disinfection of water mains, 
and the publication should be consid- 
ered highly authoritative 


Recommended Procedure 

An outline of the recommended pro- 
cedure of A.W.W.A. is: 

1. Keep interior of pipes clean. 
(a) Free of all foreign matter. (b) 
Swab interior with an effective bac- 
tericide. (c) Block open ends to pre- 
vent trench water from entering pipe 

2. Joint packing materials (in or- 
der of preference). (a) Solid molded 


a_i 


Set-up of Portable Dual-Drive “Chior-O-Feeder.” 


A Multi-purpose Feeder Ideal for Water Main Sterilization. 
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or tubular rubber rings. (b) Asbestos 
rope. (c) Treated paper rope. (d) 
Braided cotton. (¢) Hemp and jute. 

3. Before disinfection, main flush 
ing to take place (after pressure test) 
at velocity of at least 2.5 feet per 
second. 

4. Chlorination. (a) Chlorine or 
chlorine-water. (b) Chlorinated lime 
(stabilized-high-test calcium hypo- 
chlorite, such as “HTH,” “perchlor- 
on,” “Pitchlor,” ete.). (c) Liquid 


sodium hypochlorite 


5. Point of application to be at one 
extremity of pipe section with bleed 
to be at opposite extremity of properly 
segregated section. Precautions to be 
taken to prevent water from flowing 
into potable supply. (a) Injection of 
chemicals to take place through cor 
poration or cap-cock inserted in the 
line for that purpose. (b) All high 
points on section treated to be proper- 
ly vented for air escape. (c) Rate of 
application to be such as to give a 
uniform dose of at least 50 ppm at 
end of section of main being treated 


The above outline mentions briefly 
the important points of main disinfec 
tion. Obviously the entire procedure 
should be carried out under the direc- 
tion of a competent supérvisor 


Most of the above procedure re- 
quires no further explanation. How 
ever, for review purposes some will be 
briefly discussed. 


Mention has already been made of 
several of the sources of contamina- 
tion or re-contamination. An out- 
standing possibility of contamination 
is the joint packing material used 
Some years ago Adams and Kings- 
bury’ of the Massachusetts Depart- 
ment of Health conducted extensive 
experiments on the contamination of 
water lines by hemp and jute joint 
packings. The growths of bacteria 
after short soaking periods in the lab- 
oratory were astounding. An involved 
treatment, not easily followed in rou- 
tine practice, was required to sterilize 
this packing. For this reason hemp 
and jute have been placed at the end 
of the list of available packing mate- 
rials. As a matter of fact these two 
materials have been omitted from the 
recently revised “Specifications for 
the Laying of Cast Iron Pipe” of the 
A.W.W.A. 
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WATER MAIN STERILIZATION CHART. 


Developed by the 


Author to Eliminate Computations in Main Sterilization Problems. 


Water & Sewace Works, May, 1950 


Ed. 


- In making the cut af maximum permissible sige the letter “B” was sacrificed. 


Note: Line “B” is bets 





WATER MAIN STERILIZATION 


“Rate-Setter” for Attaching to Bleed-off Hydrant. 
Eliminates Guesswork in Adjustment of Flow Rate and Chlorine Dosage into Main Being 
Chlorinated. 


Preliminary Flushing 
The purpose of flushing prior to 
sterilization is to remove the foreign 
material that usually finds its way into 
ja new or repaired main. Actual prac- 
Stice has determined that a velocity of 
Hmore than 3 feet per second is re- 
muired for scouring; therefore, the 
flushing procedure should be arranged 
© give a velocity of 3 to 7 feet per 
msecond. The chart presented with this 
‘article reveals the volumes of water 
in gallons per linear foot for the vari- 
ous pipe sizes. From this the bleed 
rate to obtain the recommended flush- 
ing velocity of 3 feet or more per sec- 
yond can be easily calculated. 
(Example): For a 24" main on 
scale “B” of the chart (5th from left) 
teach foot contains 23.5 gals. For the 
iminimum velocity of 3 ft./sec. the 
ow must be at least 23.5 3=70.5 
al./sec. or 70.5 X 60423 gals./min. 


‘Chlorine Dose 


dose of chlorine re- 


) The actual 
uired depends upon: (a)—the prob- 
ble degree of contamination; (b)— 

type of packing used ; (c)—the pH of 

the water. Usually the dose must ap- 
proximate 100 ppm in order to secure 

a residual of not less than 55 ppm at 


the end of the line. A main installed 
in an area where unsanitary conditions 
prevail will, of course, require a larger 
dose of chlorine than others. Also, if 
packing material is used that may har- 
bor and sustain bacteria, a larger dose 
should be used and the detention peri- 
ods should be designated “with full 
pressure applied” to force the solution 
into the packing if possible. 

It is known that the degree and 
speed of disinfection by chlorine is 
affected by the pH of the water. In- 
creasing alkalinity of water requires 
a longer period of contact, or a higher 
dosage. These factors should be con- 
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sidered when the dosage is being se- 
lected. The efficiency of the procedure 
should, wherever possible, be checked 
by bacteriological examinations. 


Contact Period 

The period of contact should be 
governed by the same factors that 
determine the dosage. If there is pre- 
liminary evidence of contamination a 
prolonged period, such as 72 hours, 
should be considered. The average 
sterilization period is between 24 and 
48 hours. Inasmuch as the final re- 
moval of the chlorinated water does 
not involve any other factors than re- 
ducing the chlorine content to that 
commonly used in the finished potable 
water, the rate of removal of chlo- 
rinated water is not important. The 
line should be bled, however, until the 
chlorine residual approaches that nor- 
mally carried in the water system. 


Calculations Involved 


The uniform application of the 
sterilizing solution involves the calcu- 
lation of the gallonage of the pipe line 
from the size of pipe and length of 
line to be sterilized. The calculation 
of the amount of hypochlorite re- 
quired is determined from the selected 
chlorine dosage, the available chlorine 
content of the hypochlorite solution 
and the bleed rate. In addition, it is 
necessary to know the duration of the 
bleed-off period so that the chlorine 
dosage may be carried to the extremi- 
ties of the main. The accompanying 
alignment chart will prove useful in 
making all of these calculations. The 
following is an example of how the 
chart is used. 

(Example) : Let us assume we have 
3,000 linear feet of 16” main to ster- 
ilize with a dose of 100 ppm available 
chlorine. We want to know how much 
12%% sodium hypochlorite solution 
will be needed. We also wish to know 


the rate at which the water must be 
bled from this section in order to ster- 

ilize the line in eight hours. Using the 

chart 

1—Connect the 3,000 graduation line 
scale “A” with the line for 16” pipe 
on scale “B”—fifth from left. The 
intersection of the diagonal line with 
scale “C” gives the total volume in 
the section of main as 31,500 gallons. 

2—Connect the already determined 
point on the “C” scale with the de- 
sired dose (100 ppm) on scale “D”. 
The intersection of this line with 
scale “E” gives the quantity of 
12%4% sodium hypochlorite required 
as 25 gallons. 

3—To determine the bleed rate to do 
the job in eight hours, from the same 
31,500 gal. point on scale “C” extend 
a line through the eight hour point 
on scale “G” to scale “F”. The point 
of intersection at 65 gallons per min- 
ute is the proper bleed-off rate. 


Equipment 

Three factors are involved in the se- 
lection of the equipment for main ster- 
ilization. 

Capacity 

The standard Heavy Duty Midget 
Chlor-O-Feeder has a normal design 
capacity of 5.5 gallons per hour at an 
injection pressure of 85 psi. This ca- 
pacity is obtained by using a 1725 
RPM electric motor, a 50:1 speed re- 
ducer and a three-step cone pulley. 
The above combined with the adjust- 
able stroke length from 0.05 to 0.20 
inches gives the design rate of 5.5 gal- 
lons per hour. When this unit is par- 
ticularly adapted for main steiriliza- 
tion, and it is desirable to increase the 
delivery, a lower ratio speed reducer 
is employed, or in the case of the 
gasoline driven unit it is simple to in- 
crease the engine speed. By these 
means the capacity can be increased to 
approximately 8.5 gallons per hour. 

The High Pressure Midget Chlor- 
O-Feeder has a nominal capacity of 
5.5 gallons per hour at injection pres- 
sures up to 200 psi. As with the 
Midget Chlor-O-Feeder this capacity 
is obtained by the use of 1725 RPM 
electric motor, a 50:1 speed reducer, a 
three-step cone pulley and a variable 
stroke length from 0.05 to 0.75 inch. 
By using a lower ratio speed reducer, 
or increasing the speed of the gasoline 
engine of the dual drive unit the ca- 
pacity can be increased to approxi- 
mately 8.25 gallons per hour. 

The Model 47 Chem-O-Feeders 
have nominal capacities of multiples 
of 8.0 gallons per hour against 100 
psi, depending upon number of heads 
involved. A built-in speed reducer, a 
1725 RPM electric motor and an ad- 
justable stroke length of from 0 to 





0.250 inches are employed. The ca 
pacity of the Simplex Unit can be 
increased to approximately 12 gallons 
per hour by using a high delivery 
cam; or, when the gasoline engine 
driven unit is furnished, by increasing 
the The Model 47 
Chem-O-Feeders are available in Du 
plex and Triplex styles which deliver 
24 to 36 gallons per hour at pressures 
up to 125 psi 

The Automatic Proportional 
Chem-O-Feeder is a unit for 
sterilizing mains requiring no outside 
power whatsoever. Power for operat 
ing the feeder is taken from the main 
itself. The feeding system 
of a disc meter installed in a tempo 
rary by-pass line around the segregat- 
ing gate. This disc meter drives a pilot 
valve in strict proportion to the flow 
The pilot valve transfers water pres 
sure to one side or the other of an 
actuating diaphragm which in turn 
motivates a second diaphragm that 
actually pumps the hyochlorite solu- 
tion into the by-pass line. This type of 
unit has been made up into a compact 
assembly and is extensively used for 
emergency work. Holton’ used it ex 
tensively in Providence after a bac- 
teriological check-up of new mains 
showed sterilization to be required. 


engine speed 


and 
used 


consists 


Line Pressures 

The regular diaphragm feeders are 
available for pressures up to 85 psi 
for the Heavy Duty Midget Chlor-O- 
Feeder and a maximum of 100 to 125 
psi for the Model 47 Chem-O-Feed 
ers. For higher pressures up to 200 
psi the High Pressure Midget Chlor 
©-Feeder is used. The high pressure 
unit uses a stainless steel piston and a 
high pressure plastic cylinder 


Operating Power 

If the main to be sterilized is in the 
built-up section it may be possible to 
use a source of 110/220 volt, 60 or 50 
cycle, single-phase current for oper- 
ation of the feeder motor. Where 
such current is not readily accessible 
a small portable gasoline motor can 
be used. 


Rate Setter 

The importance of having a uni- 
form dose throughout the new line 
was previously mentioned. This is ac- 
complished by injecting the chlorine 
solution continuously at one extremity 
while a certain amount is bled off at 
the other extremity. In order to be 
certain of a reasonably uniform dos- 
age a definite bleed-off rate must be 
established. While there are a number 
of formulae for estimating the dis- 
charge from open nozzles, the flow 
Rate Setter as manufactured by 


WATER MAIN STERILIZATION 


Inc. facilitates 


% Proportioneers % 


this procedure, inasmuch as a flow 


gauge (reading directly in gallons per 
minute) is attached to the bleed-off 
hydrant nozzle. The Rate Setter con 
sists of a National Standard hydrant 
coupling at one end, a replaceable fixed 
orifice at the other end and a direct 
reading flow gauge for determining 
the flow from the hydrant in gallons 
per minute. This converts the com 
plicated problem of estimating or cal- 
culating the flow to a simple procedure 
easily followed by anyone 


Other Methods 


The previously outlined procedure 
constitutes good water works prac- 
tice, but is by no means the only sys- 
tem used. Holton’ solved a main ster- 
ilization problem in Providence, R.I., 
by sterilizing the new main as it was 
made up day-by-day. This problem 
involved the sterilization of a 12-inch 
high-service main, which was to re- 
place an 8-inch main in accordance 
with the recommendations of the Na- 
tional Board of Fire Underwriters. 
As the section was all in ledges, it was 
decided to use the trench previously 
occupied by the 8-inch main. Since 
the replaced sections were immediate- 
ly placed into service another system 
of sterilization was used. A pitot tube 
and manometer were employed on the 
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feeder main to determine the rate of 
flow through the new main and to 
calculate the amount of sterilizing so- 
lution to dose at 0.25 ppm. Bacteri- 
ological samples collected while the 
main was being replaced showed no 
positive results and the sterilization 
was continued for five days after the 
job was completed. Since no positive 
results were obtained from the bac- 
teriological tests the treatment was 
considered effective and the equip- 
ment removed. 

Heller’ employed a similar scheme 
later on, in which small chlorine doses 
(0.5-2.0 ppm) were applied for 2 
to 3 months while the water was used 
for other purposes than drinking. For 
installations where the water is not to 
be immediately used for drinking this 
method may be considered. In any 
event, the effectiveness of all methods 
of sterilization should be checked by 
bacteriological examination before 
permitting the water to be used for 
human consumption. 


Main Sterilization Specifications 


Upon completion of installation ang 
testing of any portion or the whole o 
the main, the new work shall be steri 
lized under the supervision of a repreq 
sentative of the engineers, the owner 
or a company practicing main steri 
lization, in the following manner : 











Multi-purpose Engine Driven Dual “Chlor-O-Feeder.” 
Showing Carrying Case and Accessories for Main Sterilization or Emergency Chlorina- 
tion. 
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The pipes shall be thoroughly 
flushed to remove loose dirt or for- 
eign material. Rate of flushing shall 
be sufficient to provide a velocity in 
the line of three to seven feet per sec 
ond. Water for flushing and steriliza 
tion will be furnished the contractor 
by the owner without charge. 

A sterilizing agent consisting of 
12%% sodium hypochlorite solution, 
containing not less than one pound of 
available chlorine per gallon of con- 
centrate, or a prepared solution of 
high-test calcium hypochlorite, which 
contains approximately 70% avail- 
able chlorine, shall be injected into the 
main. 

The pipe shall be bled at one ex- 
tremity while injecting the chlorine 
solution at the other end, long enough 
to impart a chlorine content of 50 to 
100 ppm of available chlorine by 
weight throughout the section. 


Engineering Papers 
of Hydraulic 
Institute—Vol. II 


The Hydraulic Institute, a trade 
association of pump manufacturers, 
has announced the publication of a 
group of engineering papers on sub- 
jects pertaining to pumps. 

Under the title, “Engineering Pa- 
pers of Hydraulic Institute—Vol. II, 
this volume contains four papers 
which won awards in various engi- 
neering contests sponsored by the In- 
stitute. These papers include “Cavita- 
tion in Centrifugal Pumps” (Step- 
anoft); “Centrifugal Pump in the 
Process Industries” ( Nielson) ; “Op- 
eration of Centrifugal Boiler Feed 
Pumps” (Gartmann) ; “Submergence 
for Centrifugal Condensate Pumps” 
(Waldo). 

Copies of this publication may be 
secured from the Hydraulic Institute, 
90 West St., New York 6, N.Y., at 
$2.00 per copy. 


Puerto Rico Aqueduct 
Authority Awards 
Contract for Dam 


As part of the elaborate plan to 
bring water to Puerto Rico, the 
Puerto Rico Aqueduct and Sewer 
Authority has announced the award 
of a $2,131,600 contract for the con- 
struction of the Loiza Dam. This 
will be part of the Rio Grande de 
Loiza water supply development 
program launched two years ago. 

Construction of the dam _ was 
scheduled for March and planned 
for completion in 1952. This initial 
development, according to Sergio 
Cueva, Exec. Dir. of the Authority, 
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WATER MAIN STERILIZATION 


After the line has been completely 
filled with the sterilizing solution full 
operating pressure shall be imposed, 
and the section allowed to remain un 
der treatment for a period of not less 
than 48 hours 

The main shall then be flushed free 
of all traces of sterilizing solution, or 
until the bleed-off water has the same 
chlorine residual as is normally car- 
ried in the system. Upon completion 
of the sterilization and flushing, the 
sterilized line shall be sampled and 
analyzed by an experienced bacteri- 
ologist and placed in service upon re- 
ceipt of his written approval of the 
water. If the results are not satisfac- 
tory the sterilization procedure must 
be repeated. 


Consult the Literature. 
When 


practice or procedure, 


developing a department 
it is always of 


will add 30 mgd. to the present 
sources of supply. Buck, Seifert, 
and Jost are the consulting engi- 
neers and Sumner S. Sollitt & Co. 
of Chicago will be the contractors. 

The pipe line, pumping station, 
and filtration plant will be put into 
operation within the next sixty days. 
When the dam is complete, the Loiza 
reservoir will have a capacity of 6.5 
billion gal. and minimum regulated 
flow will exceed 100 mgd. A hydro- 
electric plant and pumping station 
will be constructed adjacent to the 
dam to carry the water from the 
reservoir through 17,000 ft. of 48- 
in: transmission main to filtration 
plant. Meantime the temporary 
pumping station will be used to per- 
mit operation of the filter plant. 

When this project is completed, 
it will be a major step in Puerto 
Rico’s program for a $35,000,000 
aqueduct and water service extend- 
ing throughout the Island. 


Statistics Show 

A speaker was citing statistics 
which proved the greater docility of 
the well fed human. He stated that 
it was a fact that the committing of 
violence against persons hardly ever 
occurs after a hearty meal. 

Some wag leaned over to his 
neighbor and said—“Now, brother, I 
know why so many after-dinner 
speakers are still alive!” 





A Smile vs a Frown 


Didya Know— it takes three times as 
many muscles to frown as it takes to 
SMILE. 











value to review the experiences of 
others in the same line. References to 
the literature givn below is included 
to assist in such an investigation 
—Calvert, Cecil—Main Disinfection 
TAWW A 40,2 125 (1948) 
2.—A Procedure for Disinfecting Water Mains 
7D.2 (1947) 
3—Adams, G. O -Ex 
Water 


and Kingsbury, F. H 
periences with Chlorinating New 
Mains JNEWWA 51 :2:60 (1937) 

4.—Holton, Phillip V., Jr.—Chlorinating New 
Mains—Water Works Engineering (February 
14, 1940) 

5.—Heller, A. N.—Proposed Plant for Water 
Main Sterilization JAWWA 35 :2:168 (1943) 

6.—Smith, Fred E.—Chlorination of a Cam 
_bridge Main JNEWWA 51:2.57 (1937) 

7.—Weir, W. Victor—Emergency Repairs of 
Distribution Systems JAWWA 34:8.1205 
(1942) 

8.—Armbrust, H. N.—Emergency Equipment 
for Sterilization and Its Application—Jour 
Main Water Utilities Association (1941) 

9.—Moore, Charles R.—Chlorination ; Routine 
and Emergency Water Works and Sewerage 
(March, 1943) 

10.—Shaw, Percy—Cleaning, Sterilizing and 
Incorporating the Amoskeag Mills Water Sys 
tem into the Manchester, N.H. City System 
JNEWWA Vol. LVI.#2:212 (June, 1942) 


Pump Handbook 


“Pump HaNnbsook” is as its name 
implies a handbook of pumps and 
pumping. It was written by Volney C. 
Finch, Prof. of Mechanical Engineer- 
ing, Stanford University, Palo Alto, 
Calif. Prof. Finch says that he wrote 
the book “as a crusade against the 
regrettable waste of power found in 
water and sewage works pumping.” 
In 202 pages of specialized informa- 
tion, the author has emphasized selec- 
tion, installation, operation, and 
maintenance practices that can reduce 
pumping costs. 

Twenty-three chapters and an Ap- 
pendix cover the entire subject of 
pumps and pumping through all 
phases: type of pump, design formu- 
las, installation and operation, type of 
service, etc. The appendix alone con- 
tains 40 pages of hydraulic tables and 
pump data. This book is a must for 
any engineer who has a pumping 
problem, or operates and maintains a 
pump installation. 

Published by the National Press, 
Millbrae, Calif., the book retails at 
$4.00 per copy. 


Something to be 
Added to Lansing 
Sewage Plant 


At Lansing, Mich., when high 
school students took over the city 
government for a day they made sev- 
eral suggested improvements among 
which was that of installing auto- 
matic perfume atomizers in the 
Sewage Treatment Plant. Another 
was that a new jail be built with a 
television set in each cell. 








CALCULATOR 
FOR COMPUTING 
I’R QUICKLY 


By V. W. PALEN* 
Westinghouse Electric 
EAST PITTSBURGH. PA. 


ERE’S a device which deter- 
mines I’R loss in wire cir- 
cuits with a flick of the 

finger. The accompanying cut sup- 
plies the necessary parts. Cut 
along the circles of each of the 
illustrations to make two discs and 
two rings. Using rubber cement, 
mount the discs on separate pieces 
of cardboard—on reverse sides of 
a third piece of cardboard mount 
the two rings. Now punch the cen- 
ter holes and insert a small brass 
bolt to hold the discs in place. 
Washers will help to prevent wear 
and tear on the paper. Tighten 
the bolt to provide the proper 
pressure on the dises—they should 
hold their settings, yet turn easily. 
A drop of solder applied to the nut 
will make the assembly perma- 
ment. The calculator solves the 
single phase equation :— 


[ Kva be 
Bhs zs2R = W 
Kv 


where R is resistance of 1,000 ft. 
of single conductor and W is watts 
per 1,000 ft. of circuit. The three 
phase equation handled by the de- 
vice is equivalent to the single 
phase relationship divided by two. 
Copper conductor is, of course, the 
basis of design—stranded on sizes 
No. 2 and larger. 


*Now of Public Relations Dept., New York 


University 
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SPECTACULAR WOOD PIPE INSTALLATION 
IN OREGON 





1700 Ft. Wood Pipe—12 in Dia. at Yamsey. 


(Installed by Santa Fe Tank & Tower Co. for Toketee Hydro-Electric Plant, this pipe 
required 300,00 board ft. of lumber and 272,000 Ib. of steel bands 


pipe was built on curves.) 


All but 370 ft. of the 


San Leandro, Calif. 
Studies Sewage 
Effluent Use 

The City Council of San Leandro, 
Calif., has passed a resolution ap 
proving the use of reclaimed sewag« 
treatment effluent for industrial use 
and has directed the city manager to 
work with the Chamber of Commerce 
on further studies. 

With a suspended solids content of 
only 50 ppm. and the possibility of 
reducing this to 20 ppm., it is be 
lieved that reclaimed sewage treatment 
effluent can be furnished to industrial 
concerns for approximately $50 per 
mil, gal., whereas present cost of in- 
dustrial water for the East Bay Mu 
nicipal Utility District is approximate 
ly $170 per mil. gal. 

In these studies, Charles P. Martin, 
Dir. of San Leandro Pub. Works 
Dept., and Harvey Wilts, Supt. of 
Sewage Treatment, represent the city 








U S PHS GRANTS TO STATES AND CITIES 


For Industrial Wastes Studies 
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The accompanying map shows how 
much each state has received in grants 
from the Federal Government, 
through the Public Health Service, 


under Section 8a, Public Law 845. 
(The Water Pollution Control Act). 
These grants are for the purpose of 
conducting studies of water pollution 


by industrial wastes. The grants were 
made for 1950 from a $1,000,000 ap- 
propriation for each of five fiscal 
years, making a total of $5,000,000. 


(In addition Alaska received $9212; Hawaii $9,978; Puerto Rico $9,913; the Virgin Islands $8,645.) 
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STATE 


Alabama 
Arthur N. Beck, Chief Engr. & Dir 
Bureau of Sanitation 
State Dept. of Pub. Health 
Montgomery, Alabama 


Alaska 
A 
Div 
Territorial 
Juneau, Alaska 


Arizona 
Geo, W. Marx, Director 
Div. State San. Engng 
State Board of Health 
Pheonix, Arizona 


Arkansas 
F. L. McDonald, Chief San. Engr 
State Board of Health 
Little Rock, Arkansas 


California 
E. A. Reinke, Chief 
Bureau of San. Engng 
State Dept. of Pub. Health 
Berkeley, California 


Colorado 

N. Gahr, Director 

of San. Engng 

Board of Health 
Denver, Colorado 


Connecticut 
W. J. Scott, Direct 
Bureau of San. Engng 
State Dept. of Health 
Hartford, Conn 


Dist. of Columbia 
Cary, Director 
of Sanitation 
District of Col. Health Dept 
Washington, D. ( 


Delaware 
Donald K. Harmeson, Director 
div. of San. Engng 
State Board of Health 
Dover, Delaware 


Florida 
David B. Lee, Director 
Bureau of Engng 
State Board of Health 
Jacksonville, Florida 


Georgie 
L. M. Clarkson, Chief 
Div. of San. Engng 
State Dept of Pub Health 
Atlanta, Georgia 


Hawaii 
B. J. MeMorrow, San. Engr 
Bureau of Sanitation 
Board of Health 
Honolulu, Hawaii 


Idaho 
H. C. Clare, Director 
Div. of Pub. Health Engng 
State Dept. of Pub. Health 
oise, Idaho 


HMlinois 
C. W. Klassen, Chief 
Div. of San. Engng 
State Dept. of Pub. Health 
Springfield, Illinois 


Indiana 


B. A. Poole, Director 
Bureau of San. Engng 
State Board of Health 
Indianapolis, Indiana 


lowa 
P. J. Houser, Director 
Division of Pub. "Health Engng 
State Dept. of Health 
Des Moines, Iowa 


Kansas 
Dwight F. Metzler, Chief Engr 
Div. of Sanitation 
State Board of Health 
Lawrence, Kansas 


DIRECTORY OF 
SANITARY ENGINEERS 


Kentuck 
F. C. Dugan, Direct r 
Bureau of San. Engng 
State Dept. of Health 
Louisville, Kentucky 


Louisiana 
John H. O'Neill, Director 
Div. Pub. Health Ener 
State Dept. of Health 


New Orleans, Louisiana 


Maine 
E. W. Campbell, Director 


Div. of San. Engng 
State Dept. of Health & Welfare 
Augusta, Maine 


Maryland 
George L. Hall, Chief Engr 
State Dept. of Health 
Baltimore, Maryland 


Massachusetts 
Clarence I. Sterling, Jr., Chief Engr 
liv. of Sanitary Engng 
State Dept. of Pub. Health 
Boston, Massachusetts 


Michigan 
John M. Hepler, Director 
Bureau of Engineering 
State Dept. of Health 
Lansing, Michigan 


Minnesota 
F. L. Woodward, Director 
Division of Sanitation 
State Dept. of Health 
Minneapolis, Minnesota 


Mississippi 
H. A. Kroeze, Director 
Bureau of San, Engng 
State Board of Health 
Jackson, Mississippi 


Missouri 
L. E. Ordetheide, Director 
Sect. of Envir. Sanitation 
Div. of Health 
Jefferson City, Missouri 


Montane 
H. B. Foote, Director 
Div. of San. Engng 
State Dept. of Pub. Health 
Helena, Montana 


Nebraska 
T. A. Filipi, Director 
Division of Sanitation 
State Dept. of Health 
Lincoln, Nebraska 


Nevade 
W. W.. White, Director 
Div. of Pub. Health Engng 
State Board of Health 
Reno, Nevada 


New Hampshire 
Wm. A. Healy, Director 
Div. Sanitary Engng 
State Board of Health 
Concord, New Hampshire 


New Jersey 
A. H. Fletcher, Dir. 
Bur. Envir. Sanit 
State Dept. of Health 
Trenton, New Jersey 


New Mexico 
Charles G. Caldwell, Director 
Div. of San. Engng. and Sanitation 
State Dept. of Pub. Health 
Sante Fe, New Mexico 


New York 
Earl Devendorf, Director 
voy Fe Engng. 
State ot ealt 
Albany, New York 


North Carolina 
J. M. Jarrett, Director 
Div. of San. ineering 
State Board Health 
Raleigh, North Carolina 


North Dekota 
J. H. Svore, Director 
Div. of San. Engng 
State Dept. of Health 
Bismarck, North Dakota 


Ohio 
F. H. Waring, Chief Engr 
Div. of San. Engineering 
State Dept. of Health 
Columbus, Ohio 


Oklahoma 
H. J. Darcey, State San. Engr 
Bureau of Sanitation 
Oklahoma City, Oklahoma 


Oregon 
Everts, Jr., Director 
Div. of San. Engng. 
State Board of Health 
Portland, Ore 


Pennsylvania 
J. R. Hoffert, Chief Engr. 
Bureau of Engng 
State Dept. of Health 
Harrisburg, Pennsylvania 


Philippine Islands 
Joaquin Lopez, San. Engr 
Philippine Health Service 
Manila, Philippine Islands 


Rhode Island 
Walter J. Shea, Chief 
Div. of San. Engng. 
State Dept. of Health 

Providence, Rhode Island 


South Carolina 
Jas. H. Stevens, Director 
Div. of San. Engng. 
State Board of Health 
Columbia, South Carolina 


South Dakota 

E. Carl, Director 

of San. Engng 
State Board of Health 
Pierre, South Dakota 


Tennessee 
R. P. Farrell, Director 
Div. of Sanitary Engn 
State Dept. of Pub, Health 
Nashville, Tennessee 


Texas 
V. M. Ehlers, Tech. Sup. Engr. 
Bureau of San. Engng. 
State Board of Healt 
Austin, Texas 


Uteh 
Lynn M. Thatcher, Director 
Div. of Pub. Health Engng. & Sanitatir. 
State Board of Health 
Salt Lake City, Utah 


Vermont 
Edward L. Tracy, Dir. 
Div. of San. Engng. 
State Board of Health 
2 Colchester Avenue, 
Burlington, Vermont 





Virginia 
Richard Messer, Director 
Sanitary Engineering 
State Dept. of Healt 
Richmond, Virginia 


Washington 
Emil C. Jensen, C 
Division iF Pub. Health hint 
State Dept. of Health 
Seattle, Washington 


West Virginia 


H. K. Gidley, soo 
Div. of San. 
State Dept. of Health 
Charleston, West Virginia 


Wisconsin 
O. J. Muegge, State Sqpitacy Engr. 
Bureau of San. 
State Board of fen 
Madison, Wisconsin 


Wyoming 
L. O. Williams, State Sanitary Engineer 
State Dept. of Pub. Health 
“heyenne, Wyoming 
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‘The Lengthened Shadow 
of One Man” 


It has been said that—‘“An 
lengthened shadow of one man.” 

Of Robert B. Simms, for thirty years superintendent 
of Water Works at Spartanburg, S.C., it can be said that 
the Spartanburg Water Works System as it stands today 
is truly the “lengthened shadow” of this man. However, 
“Bob” Simms takes credit for his accomplishments in 
his usual unassuming manner, and impresses upon one 
that he could have done little but for the confidence and 
support of those far-sighted Public Works Commissioners 
of Spartanburg under whom he has served 


institution is often the 


Featured in this issue is the story of Spartanburg’s 
pWater Works during the past thirty years under the 
a asarvialon of “Bob” Simms. This month his three 
Hdecades of notable service is being recognized in the 
mnaming of the twice enlarged and modernized filtration 

jlant—“THE R.B. SIMMS FILTRATION PLANT’, 
Bnd the unveiling of a bronze commemorative plaque 
bearing the citation—‘“/n recognition of the outstanding 
vision and service of Superintendent R. B. Simms.” 

One has but to read the lead article in this issue to 
appreciate what a water superintendent with vision, aided 
by sound engineering and planning on the part of the 
city’s consultants, and the confidence shown in him by 
his Commission, can accomplish in the way of raising the 
local water utility to the number one position amongst 
ithe public enterprises of his community 
} In this accomplishment improved quality and adequacy 
jof water supply in itself was, of course, the basic ob 
} jective and realization. But along with this has developed 
the wholesome and rewarding advancement in public 
prelations that has been achieved through the development 
Sof publicly acclaimed recreational facilities by the 
Water Department on water works property. While there 
may be little that can be glamorized at the householder's 
faucet, Spartanburg’s experience is testimony enough that 
much can be accomplished in other directions to promote 
a higher appreciation of water supply service, which is 
far too prevalently viewed by the public the country over 
as being just a “matter of course’ governmental service 

In addition to the development of the park—playground 

pool combination, frequently enjoyed by as many as 
5,000 citizens in a single day, who go home realizing that 
water supply service can be something in addition to the 
free-flowing tap and fire-fighting pressures, Spartan- 
burg’s water authorities did something more. They took 
the public into their confidence by freely publishing in the 
local press, and through other means, the physical and the 


financial condition of the water supply system. Further, 
after Spartanburg had by successive enlargements of its 
plant kept ahead with a supply of good quality and ample 
quantity under adequate pressure, the Commission en- 
couraged unrestricted use of water for home and com- 
munity beautification through lawn sprinkling. It went 
a step farther in offering a reduced summer rate on all 
water used for sprinkling over and above ordinary house- 
hold uses. At the same time, to industry it offered a re- 
duced off-peak rate to users filling their storage tanks 
during hours when Spartanburg’s mains would otherwise 
be doing little to produce revenue. This proved a source 
of added income, while also winning friends amongst the 
heaviest taxpayers—the industries. With it all, Spartan- 
burg water authorities have never in the three decades 
of the Simm’s regime had to warn of a pending water- 
scarcity, or hang out the “Please Don’t Use” sign. 

All of these things and other educational programs 
designed to improve public relations by showing the public 
how much its “water dollar” was buying in comparison 
to other everyday commodities as well as luxuries, have 
been effective in developing a water conscious public in 
Spartanburg, ready to support the Commission and 
Water Superintendent with a degree of confidence rarely 
enjoyed to the same degree by those in similar positions 
elsewhere 

The story of Spartanburg’s Water Works is an im 
pressive exemplification of the faith of a man in the 
future of his city, and his ability to secure and hold the 
confidence and support of his Commission, which support 
enabled him to get things done which he felt necessary 
to make the growth and development of his city possible 

It is the writer’s pleasure to have devoted this page to 
what, in part, will constitute his dedicatory address in 
Spartanburg on May 10th, 1950 at the unveiling of the 
bronze tablet commemorating the dedication of “THE 
R. B. SIMMS FILTRATION PLANT.” 

Having served Spartanburg as a predecessor of “Bob” 
Simms, the invitation and the privilege of making this 
address is considered a double honor. May there be many 
another water superintendent who will cast “the long 
shadow” of this man, and reach the heights that he has 
in the public esteem. 





THE OVERWHELMING MAJORITY 


“CHICAGO” 
SWING DIFFUSERS 
AND PRECISION TUBES 


Sewage Treatment Plant 
Columbus, Ohio 


Pav! A. Uhimann & Associates 


ENGINEERS 





THE overwhelming majority of Consulting and Design Tubes. It’s a question of “Diffused Air Economics”. 


Engineers who planned equipment for Activated Sludge Continuous operation of an Aeration Battery is possible } 


Sewage Treatment Plants in the past five years specified only with Swing Diffusers. The most economical opera- 


CHICAGO Swing Diffusers and Precision Diffuser tion is possible with Precision Diffuser Tubes. 


@ Economical operation—less power con- 


@ Low first cost. 
@ Continuous performance 
8) a without extra tanks. 


sumed—less labor. 


Ze @ Tubes easily and economically cleaned. 


WRITE FOR FULL ENGINEERING DETAILS 


CHICAGO PUMP COMPANY 


SEWAGE EQUIPMENT DIVISION 


2300 WOLFRAM STREET 
Flush Kleen, Scru-Peller, Plunger. 
Horizontal and Vertical Non-Clogs 
Water Seal Pumping Units. Samplers, 


CHICAGO 18, ILLINOIS 
Swing Diffusers, Stationary Diffusers, 


Mechanical Aerators, Combination 
AeratorClarifiers, Comminutors. 
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HOFFMAN 
CENTRIFUGAL BLOWERS 


DEPENDABLE — no gears, valves or similar wearing parts. 

Operate 24 hours a day, for years without adjustment 

or replacement of parts. 

ECONOMICAL — Power input varies with volume of air 

required. Retain original efficiency indefinitely — 

deliver full rated capacity continually. 

ALL CAPACITIES UP TO 10,000 C.F. M. AND 

VARICUS AIR PRESSURES UP TO 8 LBS. 
Write for Buetin A-650 


<SHOFFMAN *: 


MEETINGS SCHEDULED: 


=: 3-6—Lone Beacn, Cauir. (Lafayette Hotel) 
California Sewage Works Association. Sec’y, Lawrence H. 
Cook, P. O. Box 696, Menlo Park, Calif. 

May 16—Tacoma, WASH. (Winthrop Hotel) 
Pacific Northwest Sewage Works Association. Sec’y, 
P. Hughes, City Hall, Lewiston, Idaho 

May 11-13—Tacoma, WASH. (Winthrop Hotel) 
Pacific Northwest Section A.W.W.A. Sec’y, O. P. New- 
man, Boise Water Corp., Boise, Idaho. 

May 19—PrTTsFIELD, Mass. (Hotel Sheraton) 
New England Water Works Asssociation. Sec’y, Jos. C. 
Knox, 204 Tremont Bldg., Boston, Mass. 





May 21-26—PHILADELPHIA, PA. 
American Water Works Association (Annual con- 
vention). Executive-Secretary, Harry E. Jordan, 
500 Fifth Ave., New York 18, N. Y. 
(Meetings & Exhibits in the Auditorium.) All 
reservations will be cleared through the A.W.W.A. 
Headquarters. 








JuNeE 12-13—JAMESTOWN, 





Money, Time and Labor Saving 
Features of 


CAST IRON PIPE 


Laid with Only Wrenches 





No Caulking Materials 





No Gaskets. No Bell Holes 
to Dig. 





aan SEA 
*Reg. U.S. Pat. Office 


For water supply, fire protection sys- 
tems, sewage disposal systems, indus- 
trial, and Piostien. Flexible. 


THE € CENTRAL FOUNDRY COMPANY 
386 FOURTH AVENUE, NEW YORK 16, N. Y. 


Gentlemen: Send us information and catalog on 
UNIVERSAL CAST IRON PIPE. 
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May 22-24—Traverse City, Micn. (Park Place Hotel) 
Michigan Sewage Works Association. Sec’y, D. M. Pierce, 
State Dept. of Health, Lansing 4, Mich. 

June 1—Worcester, Mass. (Hotel Sheraton) 

New England Sewage Works Association. Sec’y, Walter 
E. Merrill, 511A State House, Boston, Mass. 

June 5-10—GAINESVILLE, FLA. (Univ. of Florida) 
Florida Annual Water & Sewage Short School. 
David B. Lee, P. O. Box 210, Jacksonville, Fla. 

JuNE 7-9—AvuBURN, ALA. (Alabama Polytechnic Institute) 
Alabama Water & Sewage Works Association. Sec’y, 
Alex O. Taylor, Alabama Polytechnic Institute, Auburn, 


Director, 


Ala. 
JuNe 9-10—INDIANAPOLIS, IND. (Hotel Lincoln) 
Central States Sewage Works Association. Sec’y, Paul 
W. Reed, 1098 W. Michigan St., Indianapolis 7, Ind. 
N. Y. (Hotel Jamestown) 
New York Sewage and Industrial Wastes Assn. (Spring 
Meeting) Sec’y, R. C. Sweeney, 119 E. Main St., Rochester, 
Y 


4, N. Y. 
June 14—KiIrTrTery, MAINE 
Maine Water Utilities Assn. Sec’y, 
Water District, Winthrop, Me. 
JuNE 28-30—CINCINNATI, OnI0 (Gibson Hotel) 
Ohio Sewage & Industrial Wastes Treatment Conference. 
Sec’y, G. A. Hall, 302 Dept. of State Bldg., Columbus, Ohio. 
JUNE 29—Dover, N. J. (Germania Park) 
New Jersey Section A.W.W.A. (Clambake and Outing) 
Inspection Trip, Lock Joint Pipe Co., Wharton, N. J. 
Sec’y, C. B. Tygert, Box 178, Newark, N. J. 
Auc. 9—Mrt. Desert ISLAND, ME. 
Maine Water Utilities Assn. (Summer Meeting) Sec’y, 
Earle A. Tarr, Supt. Water District, Winthrop, Me. 
Aue. 20-22—State CoLiece, Pa. (Nittany Lion Inn) 
Pennsylvania Water Works Operators Assn. Sec’y, Prof. 
Robert E. Stiemke, Dept. of Engineering, State College, 


Earle A. Tarr, Supt. 


a. 

Au. 23-25—State CouLiece, Pa. (Nittany Lion Inn) 
Pennsvivania Sewage & Industrial Wastes Assn. Sec’y, 
B. S. a Penna. ear oon Health, Kirby Health Cen- 
ter, Wilkes-Barre, 

Sepr. 6-8—Sr. PAaut, Minn. (St. Paul Hotel) 

Minnesota Section A.W.W.A. Sec’y, R. M. Finch, 518 
Metropolitan Life Bldg., Minneapolis, Minn. 

Sepr. 7-8—SaRANac LAKE, N. Y. (Saranac Inn) 

New York Section A.W.W.A. (Fall Meeting) Sec’y, R. 
K. Blanchard, 50 West 50th Street. New York, N. Y 

Sept. 14-15—HuNtTINGTON, W. Va. (Hotel Pritchard)” 

West Virginia Sewage and Industrial Wastes Assn. Sec’y, 
A. H. Paessler, 815 E. Franklin Street, Richmond 19, Va. 





Sept. 17-21—PoLAnp Sprinc, Me. 
House) 
New England Water Works Association. (Annual 
Convention) Sec’y, Joseph C. Knox, 204 Tremont 
Bidg., Boston, Mass. 


(Poland Spring 








Sepr. 19-21—Davenport, Iowa (Hotel Blackhawk) 
Iowa Sewage Works Association. Sec’y, Leo Holtkamp, 
E. Ohio Street, Webster City, Iowa. 








MEETINGS SCHEDULED: if 
Serr. 20-22—ATLANTA, GA. (Georgia Institute Technology) BLOWERS and saint 


Georgia Water and Sewage School. Sec’y, Van P. Enloe, paasaves 
R.F.D. No. 5, Box 363, Atlanta, Ga. 

Sept. 26-29—ATLANTIC City, N. J. (Claridge Hotel) EXHAU STERS TYPE BLOWER 
Pennsylvania Water Works Association. Sec’y-Treas., C. f 
M. Hartman, 510 Telegraph Bldg., Harrisburg, Pa. or 


Sept. 27-29—San ‘ge, N. Mex. (L ja Hotel) e 
Sepr. 2 , ANTA FE ex. (LaFonda Hote “- Neneseu Gas 





Rocky Mountain Sewage Works Association. Sec’y, C. 
Coberly, Room 329, 1441 Welton St., Denver, Colo 
Rocky Mountain Section A.W.W.A. Sec’y, Geo. J. Turre, 
Room 120, City-County Bldg., Denver, Colo. 
Oct. 1-3—Sr. Louis, Mo. (Sheraton Hotel) 
Missouri Water & Sewage Conference. Sec’'y, Warren Centrifugal type 
Kramer, State Office Bldg., Jefferson City, Mo. Single ond multi-stage 
Ya Ib. to 7 Ibs. pressure 
¥2 hp. to 250 hp. 








Oct. 9-12—WasHINcTON, D.C. (Statler Hotel) 
Federation of Sewage Works Associations. Exec.- 
Sec’y, W. H. Wisely, 325 Illinois Bldg., Champaign, Since back in the '90’s, these trustworthy Blowers and 
Ill. Exhausters have been faithfully serving American indus- 

try—for agitation and aeration—for combustion—for 

cooling and ventilating—for gas and acid production— 

Maia . vd r Utilities A a n. (Marks the 25th Anniv ry for conveying —and numerous other applications having 

Pr e 1 Ss Assn, va 5 ne 2vtn Annivers y : . 
of ‘tenting of the Ass’n.) Sec'y, Earle A. Tarr, Supt. various pressure and vacuum requirements. 

Water District, Winthrop, Me. If you have a problem in handling air or gases of various 

Oct. 15-18—New York City, N.Y. densities, temperatures or chemical compositions, write 


American Public Works Association Congress. Exec.- - 
Director, Donald Herrick, 1313 East 60th St., Chicago 37, today for latest bulletin, B-5, on Lamson Blowers and 
Ul Exhausters. 








Oct. 15-18—New ORLEANS, LA. (Roosevelt Hotel) 
Southwest Section A.W.W.A. Sec’y, Leslie A. Jackson, 
Robinson Memorial Auditorium, Little Rock, Ark. 


Oct. 24-27—San Dreco, CALIF. BLOWER 
California Section A.W.W.A. (Annual Meeting) Sec’y, L A M S @) N C els Pp * DIVISION 
Wm. W. Aultman, Box 38, LaVerne, Calif. 

Oct. 26-27—Derroit, Micu. (Detroit Leland Hotel) 506 Lamson St. Syracuse, N.Y. 
Michigan Section A.W.W.A. Sec’y, T. L. Vander Velde, 

2609 E. Saginaw St., Lansing 12, Mich. 


CARTER CIRCULAR COLLECTOR 


lr. FOR SEWAGE TREATMENT - WATER PURIFICATION - INDUSTRIAL WASTE TREATMEN. 
ae ® For primary clarification of 
raw sewage, waste or turbic 
waters 
® For final clarification of acti- 
vated sludge 
® For clarification of chemically 
treated water 
© For water softening _ 


Type S Primary Clarifier at Ft. Payne, Ala. 42’0” dia. x 8’0” 
SWD. General Contractors: J. E. Wooley Co., Birmingham, 
Ala. Consulting Engineers: J. W. Goodwin Eng. Co., Inc.. 
Birmingham, Ala. 





The Carter "Type S" Circular Collector is designed for tanks of 10’ to 50° in 
diameter, with side influent. Standard construction includes mechanical electri 
cal overload protection; vertical speed reducer combination type drive; auto- 
mat ontinuous surface skimming—for primary tanks. Plow blade scrapers 
provides positive, continuous spiral flow of settled solids from tank bottom 
periphery t¢ entral hopper—queranteeing a thickened sludge. This improved 
clarification mechanism eliminates both septic conditions and excessive surface 
scum tormations 
Write today for free Catalog 
Our Bulletin No. 4906 gives you complete engineering data and specifications on all 3 
f Carter Circular Collectors. Write for it today 
a rel > bg Ey nae 


repr f for se- 
lect territories on entire Carter line. Write for details. 


RALPH B. CARTER CO. 


“HACKENSACK, NEW JERSEY 
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SHOPPING FOR BLOWERS? 


Look at R-C dual-ability with its wide selection 
to suit almost any job 

Asking Roots-Connersville about blowers, exhausters and gas 
pumps has been standard practice among buyers for almost a 
century. That’s because building such equipment is the only job 
we do. We're outstanding specialists in handling gas and air. 

You'll gain from our wide varieties of sizes, types and capacities 
from 5 cfm to 100,000 cfm. We're the only manufacturers offering 
you the dual-choice between Centrifugal and Rotary Positive 
designs—and that dual-ability is important when it comes to 
matching the units to the jobs to be done. 

So—when shopping, be sure to call on Roots-Connersville, the 
specialists. When you're interested in vacuum pumps, meters or 
inert gas generators, we're equally well fitted to fill these needs, too, 


ROOTS-CONNERSVILLE BLOWER CORPORATION 


505 Mount Avenue, Connersville, Indiana 


One of two Rotary Positive 
Blowers, engine driven, 


Installation of 2-stage 
Centrifuge! Blower in 
southern sewage treat 
ment plant. Capacity 
13,500 cfm. 


400TS- ONNERSVILLE 


ONE OF THE DRESSER INDUSTRIES 
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H.T.M.A.—And here's that Refer 
}ence and Data issue again—Need | 
| say more? 

+. * * 

Well what d’you know—Just a 
week after | wrote about Art Morrill 
in China I received a letter from Jim 
Potter of Charlotte, N.C., mention- 
ing Art. Jim is the fellow who had 
those clever cards which he sent to 
all my friends requesting same. In 

| return for the cards, Jim asked for a 
postcard for his daughter. Art Mor 
rill requested Jim’s cards, received 
same and sent a postcard (arriving 
March &th) on which was written, 

|“It's a long time since I received 

| your Dad's letter of April 4, 1949, 
but we have been making history in 
China in the meantime. I got it May 
18, just a week before the Commu- 

| nist Army took Shanghai, without 
| much fighting. Scenes like this are 

common in China, picturesque, but a 

| little smelly”—the scene is a house- 
lined canal in a village; a man is 

| poling a flat-bottomed boat; in the 
foreground is an arching bridge ; the 

| two and three-storied houses exhibit 
washing hung out to dry.—Art wrote 
something in Chinese on the card but 

| Jim hasn't yet seen his laundryman 
for a translation. 

* * . 


The Correct Solution For Floods 
|—Where Wendell (Akron, Ohio) 
got it, I have no idea, but he has 
“The Correct Solution For Floods” 
| as proposed in a circular by a fellow 
| in Illinois. In brief the “inventor” 
proposes that electrically operated 
| propellers be placed in every river 
and its tributaries; large propellers 
jin big streams and small ones in 
| little streams. “A few propellers 
| strung across the channel will be suf- 
ficient. They can be attached to piers 
or partly suspended from bridges.” 
The idea is that when it rains, you 
turn on all the relays of propellers 
distributed quite a long distance 
apart and the water will be “pushed” 

(Continued on page 120A) 








This pipe section was cut, under pressure, from a 48” main, 
without shut-down or other interruption to.service. The operation, 
was performed in the course of inserting a gate valve in a 

48” cast iron main, in the distribution system of the 

Water Bureau, City of Philadelphia, Pa. 

Gate valves can be inserted under pressure by SMITH in cast iron, 
asbestos—cement or steel water mains, sizes 4” and larger, 
without shutting off service or dewatering the line. 





PIPE TTING MA 


a) irs 
THE A. P. SMITH MFG. CO. fe poor 


EAST ORANGE Y NEW JERSEY 
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(Continued from page 118A) 
rapidly downstream and there will 
be no flood. 

Perhaps Wendell LaDue will ex- 
plain more about this new invention 
at the annual breakfast of the Soci- 
ety of the Council Bluffers to be held 
after the A.W.W.A, dance in Phila 
delphia on Thursday, May 25.— 

> > : * F 

Here is a letter I received some 
time ago from A. M. Rawn, Gen. 
Mer. and Chief Engr. of the Los 
Angeles County Sanitation District. 

This is really good 

The following rules of conduct and 
procedure for a sewage treatment 


plant operator are the result of many 
years observation on my part. I have 
entitled these rules, “Pardon Me, But 
Your Pink Slip Will Soon Be Show- 
ing” or, “Don’t Be An Old-Fashioned 
Plant Operator.” (If any of the men 
who work for me chance to read 
this, they will realize that | couldn't 
possibly have formulated these regula- 
tions because of my experience with 
them. They all know the “Old Man” 
is quite a kidder). 

Kule No. 1: As a plant operator, 
bear in mind always that you are in 
complete control of all of the “bugs.” 
Don't stand for any nonsense from 
them. 





Count on 


SOLVAY 


CHEMICALS 


FOR TREATMENT OF 
SEWAGE AND 
INDUSTRIAL WASTES 


Based on past performance . 


++ you can 


count on sotvay Liquid Chlorine, Soda 
Ash and Calcium Chloride to give highly 
satisfactory results in treating sewage and 


* industrial 


You can also count on sotvay for 
prompt delivery of these important chemi- 


cals from centrally located plants and a 
coast-to-coast chain of warehouses. SOLVAY 
Technical Service is also available—to give 

you technical and engineering informa- 


treatment of sewage and industrial wastes. 


These sotvay Technical and Engineering Bul- 
letins Are Available Without t of Obli- 
ation. Ask for Any One or All Three . . . 
‘rite Today. 


Bulletin No. 7—“Liquid Chlorine” 


Bulletin No. 8—“Alkalies and Chiorine in the Treatment 
of Municipal ond industrial Wastes” 


Bulletin No. 11—"' Water Anolysis” 


SOLVAY SALES DIVISION 
AGO Crimea & OVE COBPORATION 
40 Rector Srest, Mew York & MY. 
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tion; to help solve your problems in the G5 
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LIQUID 
CHLORINE 
SODA ASH 


CALCIUM 
CHLORIDE 





Rule No. 2: Remote electrical con- 
trol gadgets are put around just to 
confuse you. If they’re in the way 
and you don’t understand what they 
mean, give them the well known busi 
ness and forget them. 

Rule No. 3: Don’t pay any atten 
tion to the plant chemist or any chem- 
ist, for that matter. Chemists are 
queer people who are put in the plant 
to annoy you. They’re supposed to be 
very bright but if they’re so damn 
smart, let them guess what you're 
doing. 

Rule No. 4: Don't hesitate to jerk 
the hell out of anything that sticks 
If it won't come that way, use a 
spanner or a double jack. 

Rule No. 5: If the plant designer 
failed to anticipate every contingency 
at your plant and to design according 
ly, make him live to regret it. He's 
probably just another one of those 
lousy college bums anyway. 

Rule No. 6: Never close the gate 
behind the switchboard. Some care- 
less visitor may need the opening to 
fall out of some day. 


*Editorial Associate, Water & Sewage Works 

Rule No. 7: Treat all visitors as 
though the plant belonged to you. 
Impress them with what a big shot 
you are and how little they know. If 
possible, create the impression that 
the city health officer takes his orders 
from you. 

Rule No. 8: Don’t pay any atten- 
tion to odors. After all, you’re just a 
branch of the city hall. Those whom 
you facetiously refer to as the “city 
hall gang” will appreciate the joke, if 
you refer to both departments as being 
a “little smelly.” 

Rule No. 9: Don’t read Sewage 
Works Journal or Water & Sewage 
Works under any circumstances, Out 
of five thousand members of the Fed- 
erated Sewage Works Associations 
you are probably “tops”. Anyway, 
what’s Mohlman got that you haven't? 

Rule No. 10: Lastly, if you’re go- 
ing to be this kind of an operator, 
just one more thing:—Don’t apply 
first aid to cuts and scratches. They 
don’t amount to much very 
many times .... and you may be 
one of the lucky ones . . . or the city 
may. Quien sabe? “A.M.” 

> +. * 

Modern Generation—Many of you 
who know our son Jimmy know that 
he is now studying Civil Engineer- 
ing at Cornell. One of his surveyirg 
problems called for building a rail- 
road and balancing the cut and fill. 
Object was to cut no more than was 
needed for fill—An excess meant 
expense of moving the dirt—Jim 
came out with a few hundred cu. yds. 
extra cut and suggested to Prof. 
Spry that he would sell the extra 





earth for top soil at New York prices | 
a buck a bushel—Hmmm 
* * . 

Harry Faber to the contrary 
Here’s another pair of hands. 
lhey’ve been doing a lot of work in 
water supply and sewage disposal for 
a long time 


r 


If you don’t recognize them now, 
you will—Know who it is?—One 
year subscription to first five correct 
replies 

* * * 

My Elizabeth, N.J., correspondent 
crashed through with the answer to 
the water shortage. Yep—Sam (II) 
Newkirk sends the following clip- 
ping showing that “Abortwasser 
Spargerate” is the answer 

The inventor is Gustav Freitag of 
3utzvach-Hessen, Germany, who 
wrote “By means of my invention, 
the house owner has to pay 2/5 of 
54,000 liters, or 21,600 liters per year. 
On both counts, you can see that the 
house owner only has to pay for 
21,500 liters per year, while under 
the old system 54,000 and second 5 
c.b.m. against 54 c.b.m. So the home 
owner saves 54-21 c.b.m. or 33.4 
c.b.m. and the water works saves 
54 ¢.b.m.” 

And there you have it. 

“* * & 

Not a few of you know that I like 
poetry and am very interested in 
Shakespeare’s work. Unlike many 
Shakespearing devotees, I enjoy a 
good parody even of Hamlet's fa- 
mous soliloquy, and here’s a good 
one I think—with apologies to Shake- 
speare. 

A Sludge Soliloquy 
Inspired by Meditations of Mudgett, 
Marquis of Muskegon 
Scene I: Muskegon Sewage Treat- 
ment Works. Mudgett at his post. 
Gazes anxiously toward settling tanks 

and digesters. Speaks softly: 


Mudgett : 


“To pump, or not to pump: that is the 
question. 

Whether ‘tis best deep in the murky 
depths of hoppers 

There to lie, well buried, the noisome 
sight 


— — 


Here’s proof that Le Roi Engine 


Generator Sets save taxpayers’ money! 


In Oshkosh, Wisconsin, two Le Roi engine-generator units operating 
on “no-cost” sewage gas produce electric ? agg at a cost of .398¢ 
es 


per kwh. This extremely low cost includes charges for labor, in- 
surance, depreciation, and repairs. Purchased power at the utility 
rate would be 1.507 cents per kwh. Using Le Roi results in actual 
savings of nearly $4000 a year for taxpayers! 

Lubricating oil, repair parts, and labor cost less than $600 a 
year for these two twelve-year-old engines. This is real evidence 
of Le Roi long-life and dependability. 

Le Roi engines are available in sizes ranging from 6 to 600 hp 
— custom generator sets in sizes from 30 to 300 KW. They operate 
on no-cost sewage gas, natural gas, butane, or gasoline. Lighten 
the tax load in your community. Investigate the advantages of 
Le Roi low-cost power. Send the coupon below for a detailed re- 
port of this and other money-saving installations. 
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Escaping human eye and consciousness 

Till, warmed by summer's breath and 
in the flight of time, 

It comes alive; and from the yawning 
maw of monster vile 

Regurgitates a boiling, belching mass 
in ever widening rings 

Of filth and so defile the effluent? 
pump instead, 

And impress indeed, more load, more 
misery 

Upon a unit 
seam ; 

Strained with overload of sludge, 
with reeking gas, 

In nature’s sweet and open air to seek 
relief. 

To pump indeed, and yet again; and 
with 

The chill of excess cold from liquid 
volumes unrestrained 


Or 


bulging now in every 


alive 


Strike deep into the heart and life en- 
closed within those walls 

Till life itself expires. Aye, pump i»- 
deed, 

And pay the penalty of overload; a 
frothing, seething 

Monster unrestrained, 
creeping, flowing 

Mass of viscous ooze invading every 
nook ; 

A foul and endless sea submerging all 

Or yet again, perchance in secret and 
in stealth, 

Abetted by pale ghostly light of silver 
Tnhoon 

Provide relief to yonder swale or shim- 
mering stream 

As heathen kin of western lands confess 
to do 

Accursed indeed am I upon whom such 
decision rests ; 


unformed, a 





WABASH DOUBLE-LID 
COVERS 


for 


PROTECTION 


MAXIMUM 


from frost 


The Wabash Cover was designed to provide 
the utmost in frost protection for pit water 
meters. Two lids, with a 4” dead air space 
between, add extra insulation. Notice also, 
the extra depth and the sloping skirt that 
help hold heat loss to a minimum. 


Top lid is inset and locked with the patented 


WRITE FOR 
CATALOG 


The sew Ne. 50 
Ford con- 


teins full 
tlee. FREE. Sead 
tedey. 


FOR BETTER WATER 


Ford Lifter Worm Lock. There is no finer 
meter setting protection. 


Manufactured by THE FORD METER BOX COMPANY, INC. 


Wabash, Indiana 
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And for him, hate eternal I shall bear 
and nurse 
Within my breast, from whom upon me 
came this woe 
An undersized digester.” 
(The above item appeared in the Michigan 
Sewage Works Bulletin, edited by W. F 
Shepherd, Mich. Dept. Health, Lansing, Mich 
—Mudgett is C Mudgett, Supt., Sew 
Treat. Wks., Muskegon, Mich.) 
* . * 

My apologies to the boys at the 
N.]. Sewage Works Assn. meeting 
in Trenton in March. Sorry | 
couldn't stay, fellows, but a severe 
case of gastronenteritis sent me 
packing and home to my blonde 
nurse, my bed, and my sulfa cap- 
sules. Understand that I missed an- 
other good show at your famous 
speechless dinner. 

. * * 

The voting is divided: Fred W 
Deutsch (Sales Manager of Builders’ 
Standard & Engineered Prod. Div.) 
and his wife disagree on Shrimp 
Shorb. He liked it, she didn’t—Well 
anyway I'm glad to know that some- 
one tried it. Incidentally, Fred has 
just been elected to the Board of 
Directors of The National District 
Heating Association. 

. * * 


That'll be all for the moment but 
see this space next month for a Spe- 
cial Announcement. 


V.T.Y.—Doc. 


[Overflow from the main section] 


A Most Unusual 
Water Supply 

One of the most unusual waters in 
the nation is that of the public water 
supply of Pensacola, Fla., which is 
derived from wells approximately 
190 feet deep which yield a water 
averaging only 12 p.p.m. hardness. 
Aeration and lime treatment for 
stabilization and corrosion control 
plus chlorination constitutes the only 
treatment given the water. What 
catalogs the Pensacola water as un- 
usual is the fact that an application 
of only 0.05 p.p.m. of chlorine yields 
a residual of 0.05 p.p.m. (that’s right, 
0.05 p.p.m. residual from 0.05 p.p.m. 
added) and this quantity of residual 
chlorine remains throughout the en- 
tire distribution system. Effective 
disinfection results. It is obvious 


that the chlorine demand of the 
(Continued on page 124A) 











It takes a TAPERE 


to successfully handle 
Sewage Sludge 


TAPERED PLUG PREVENTS 
SEAT SEPARATION IN 
NORDSTROM VALVES 


V Ao exposed valve seat is subject to rapid 
wear. Grit grinds out the seat. Nore how Nordstrom 
valves give full protection ro the seat. Being tapered, 
the plug is always positively seated on a film of pro- 
tective lubricant. A quarter turn fully closes or opens 
the valve. The plug can be jacked if ever too tight by 
turning the lubricant screw. 


Kept sealed, automatically 

**Sealdport”™’ lubrication forms an effective leak-resistant 
seal around each port. Use of Rockwell Hypermatic 
lubricant automatically lubricates the valve, maintaining 
constant pressure within the valve so that frequent re- 
lubrication is unnecessary. Specify Nordstrom valves 
on all sludge lines, gas, air and water lines. 


Grit cannot intrude. Plug seats on lubricant 
“Sealdport” lubrication seals ports 


Hypermatic automatically lubricates 


Nordstrom Vaive Division 
ROCKWELL MANUFACTURING CO. 


400 N. Lexington Avenve + Pittsburgh 6, Penna. 
Atlanta, Boston, Columbus, Houston, Konsos City, Los Angeles, 
New York, Sen Froncisco, Seattie, Tulse. 
Export: Rockwall Mamtecnring Cos, iterations! Division, 701 tmpieg 
Stote Building, New York 1, N.Y. 


Water & Sewacre Works, May, 1950 





124A 


(Continued from page 122A) 
Pensacola well water is so low as not 
to be measurable 


Principles and 
Practice of Flow 
Meter Engineering 

“Principles and Practice of Flow 
Meter Engineering” by L. K. Spink 
has been published by the Foxboro 
Co., Foxboro, Mass. This is the sev 
enth edition since the book was first 
published in 1930 and this edition 
contains new and up-to-date material 
In this edition, a new section has been 
contributed by R. L. Parshall, in- 
ventor of the Parshall Flume 


> PIPE LINING FACTS NO. 1 4 


A subsidiary of Raymond Concrete Pile Co, 
140 CEDAR STREET « NEW YORK 6, N.Y. 


Branch Offices in all Principal Cities 
m the United States and Latin America, 


Cement Mortar Linings for Water Mains 
Centritugelly Applied In Strict Conformity 
with A. W. W. A. Specifications 


> PP WRITE TODAY FOR THE 
28-PAGE CENTRILINE CATALOG 
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rhis handbook contains all of the 
necessary information for calculating 
an Orifice, flow nozzle, Venturi tube, 
Pitot tube, or even a pipe elbow used 
for flow measurement. Pressure tap 
locations, liquids, steam and other 
vapors, as well as gas are handled in 
separate sections. Instructions, curves, 
and tables are presented in logical se- 
quence along with viscosity correc- 
tions, equations and curves for calcu- 
lating throttling orifices. 

New features include a complete 
section on measurements of fluid flow 
in metric units, barometic pressure 
correction table, and several other 
tables and charts 


> & mB CENTRILINE restores the original 
carrying capacity of old water mains at 
reasonable cost by the centrifugal applica- 
tion of a cement lining. This smooth, 
dense. continuous coating defies corrosion 
and tuberculation. Hence, carrying 
capacity is sustained for the lifetime of 
the main 
The ever-smooth, protective lining cen- 
trifugally applied by Centriline in some 
instances has increased carrying capacity 
beyond the rate of the pipeline when 
originally installed. This is due to the 
homogeneity of the lining which covers 
seams, joints and 


rivet heads 


If mains are losing their 
efficiency, consult with 
our experienced hydraulic 


engmeers 


“Principles and Practice of Flow 
Meter Engineering” contains 416 
pages of text and illustrations and 
may be obtained from the Foxboro 
Co., Foxboro, Mass., for $7.00 a copy. 


Kinks To Prevent 
Wire Rope Kinks“ 

Do you use wire rope? Ever have 
trouble with kinks? If so, these illus- 
trations will be of value to you, or, 
if you are a prospective user they show 
what to guard against. 





Es see 


The right way 


The wrong way 


Fig. 1—How to Uncoil Wire Rope 











To obtain maximum service from 
wire rope careful attention should al- 
| ways be given to methods of handling 
| as indicated in these drawings. Fig. 1 
shows how to uncoil wire rope. Fig. 2 





The wrong way 
Fig. 2—How to Unreel Wire Rope 











*Contributed by W. F. Schaphorst, M.E., 
Newark, NJ. 
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Scum collectors installed in 1934 at treat- 
ment plant of the City of Rochelle, Illinois 


SIXTEEN-YEAR UPKEEP: ZE RO 


Read what the City of Rochelle, Illinois 
says about scum collectors of Alcoa Alumi- 
num installed in their municipal sewage 
disposal plant... 

‘The scum troughs were put into opera- 
tion about 1934 and are still giving satis- 
factory service . . . cost of maintaining same 
has been practically nothing.” 

More and more designers, engineers and 
planning groups are specifying aluminum 


sewage equipment. It reduces maintenance 
and improves plant appearance. Its lightness 
speeds installation and eases operation. 

Your builder will be glad to fabricate 
sewage equipment of light, lasting Alcoa 
Aluminum. You only need specify Alcoa in 
your designs. For further information, mail 
the attached coupon to: ALUMINUM CoMPANY 
or America, 2162E Gulf Bldg., Pittsburgh 
19, Pennsylvania. 


Gentlemen: 
Please send more information to: 
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Cra Cary Ihreading 


(Continued from page 124A) 
shows how to unreel. Fig. 3 shows 
how a kink starts, how the rope kinks, 
and how it looks after straightening. 
After straightening the wires may or 


re) F g oe "> & T te f ep Pp L £ & may not be broken—but the damage is 





.. -“This RIGBID nipple chuck 
sure cuts the monkey-business 
out of threading short nipples.” 





New EF? i ESZ4 1 Nipple Chuck 


fits any threading machine, 
power drive or vise 


@ Typical mtmmm worksaver advantages in this new nipple 
chuck — to speed every short nipple threading job! Fits any 
threading machine, power drive or vise—no special tools, 
parts or adjustments. No adjusting or changing of stop plug 
—it’s an integral part of nipple chuck—automatically in po- 
sition for use. Threaded nipple is released instantly by turn 
of nipple chuck — easily unscrewed by hand. Pipe adaptors 
for 4%" to 14", chuck takes 2“ pipe. Ask for this new fast ef- 
ficient nipple chuck at your Supply House. 


Free Patented Carrier 
for any set 


an 


WORK-SAVER 


P IP E TOOLS 
THE RIDGE TOOL CO. * ELYRIA, OHIO 
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The way a kink starts 


The rope is kinked 


The rope is straightened 
Fig. 3—A Kink and Effects 











done. The rope has been weakened, 
and when put to work the wires will 
soon break. Never use a wire rope 
that has been kinked unless you com- 
pletely cut out the kinked portion. 

| The writer is indebted to the Co- 
lumbia Steel Co., Subsidiary of the 
U. S. Steel Corp., for permission to 
reproduce these valuable illustrations. 


Ohio Compact 

Commission to 

Hold Industrial 

Conferences 

The Ohio River Compact Commis- 
sion will hold group conferences for 
representatives of industries located in 
the Ohio River Basin. The dates for 
| the meetings have not been set but 
| more than a year has elapsed since 
all industries in the Ohio Valley were 
| advised of the interstate compact and 

| the effort to abate pollution. 
The Commission now desires to 
learn what industry has done in the 
interim and to clarify any misunder- 
| standings regarding industry’s re- 
| sponsibilities in the 8-state campaign 

| for stream cleanup. ; 


Diagram No. 2 


Some time ago, The Contractors 
record and Municipal Engineering of 
London, Eng., published the first in 
a series of Hydraulic Diagrams pre- 
pared by L. B. Escritt. Now the sec- 
ond in this series has been published. 
This one is titled “Flow in Pipes, 
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READER SERVICE CARDS HOW TO USE THEM 


Please fill out «: separste coupon for each 
item on which you desire information. 


This will greatly facilitate handling. 


Key number is 
at head of 
each new 
product, item 
of equipment, 
catalog or 
bulletin, 
described in 
this issue. 


Enter key 





Culverts, Channels, and Streams 
Flow in New C.1. Mains—Flow over 
Bread Crested Weirs.”’ 

These three diagrams are printed on 
heavy serviceable paper and are folded 
to a pocket size of 5 x 7% inches 
with two heavy cardboard covers at 
tached. The whole opens up to a 15 x 
20 inch size. Two of the diagrams are 
814 x 11 inches and the third is 8% 
by 14 inches. These are handy dia 
grams for the designing engineer 

The price is 4 shillings for a single 
copy or 3 shillings six pence for more 
than six copies. These diagrams may 
be obtained from The Contractors 
Record and Municipal Engineering 
Lennox House, Norfolk Street, Lon 
don, W.C.2 


Valuable Painting 
Kinks?" 

One of the best painting kinks this 
writer has ever known was told to 
him by an experienced painter a short 
time ago—a kink that is surely of suf 
ficient value to be chronicled in print 
rhe painting expert said, “When you 
go up a ladder with a bucket of paint 
it is usually best to have only a small 
amount of paint in the bucket. Don't 
go up with a full bucket Then the 
painter went on and gave his reasons, 
which the writer jotted down as fol- 
lows 

1—If you should happen to drop 
the bucket and the paint spills out, you 
won't lose much paint and the pos- 


sibility of damage to property will be | 


less; 
2—You needn't be as careful in 


handling the paint as you must be if | 


the bucket is full, hence you can work 
faster ; 

3—If you must use your hands for 
some other purpose and must let go 
of the brush temporarily you can place 
it upright inside the bucket, whence 
it cannot fall out; and, most impor 
tant of all 

4—When dipping your 
are not obligated to “look” 
dipping too deep or not deep enough 

you know by the “feel” that when 
the brush touches bottom you have 
the desired amount of paint on it. 

Point 4 is particularly valuable 
when you are in a 


brush you 


and it is difficult or even impossible 
to look downward. This therefore is 
a safety measure as well as a time- 
saving kink. 

Another of this expert's pet kinks is | 
to mix paint with putty when puttying | 
the windows. He uses paint of the | 
same color as used on the building or 


“*Contributed by W. F. Schaphorst, M. E., 


Newark 


“tight place” as | 
one sometimes is when on a ladder | 


for fear of | 


} 


HOW TO CHECK 
WATER WASTE 
AND LEAKAGE 


with Simplex Pitot Equipment 


PF PITOT ROD 


Here is an easy solution to the problems of harassed 
municipal engineers who are constantly seeking ways of 
detecting leaking pipe joints or pipe breaks . . . to conserve 
precious water supplies and prevent wastes. The Simplex 
pitot rod, manometer, and recorder form an unbeatable 
team for checking water wastes and measurement of flow 
through pipe lines in inaccessible places or where perma- 
nent measuring equipment is not installed. 

Each unit is completely portable, light in weight, rugged in 
construction and designed to withstand the hard treatment 
of being moved from station to station. By using this equip- 
ment, complete and accurate flow records through branches 
or trunk mains are obtainable with minimum effort. 


Write for free Bulletin #50 describing this equipment, to 
Simplex Valve & Meter Company, Dept. 5, 6743 Upland 
Street, Philadelphia 42, Pa. 


SIMPLEX 


VALVE 


METER COMPAR 
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windows so that it will not be neces 
sary to paint the putty after it is in 
place, which is always a rather difficult 
and time-consuming task. In fact, 
putty is too often permitted to retain 
its own natural gray color during its 
whole life despite its disagreement 
with the color harmony of the remain 
der of the building 


This expert has also found that he 
can make the putty stick better by first 
cleaning the window frames and 
adding a coat of paint before using his 
paint-mixed putty. Allow the paint 


to become almost dry and then apply 
the putty-paint combination. The 
putty will then adhere very well 
much better than without the initial 
coat of paint. 

(nd finally, this expert has learned 
that the putty will stick better if the 
window pane is given ample clearance 
ali around so that a “crack” will exist 
between the edge of the glass and 
the into which putty can be 
packed. In other words, don’t make 
a tight fit when you put in a window 
pane; a “loose” fit is better if putty 


wood 


Control . . . of poramount importance 


is to be used, and the reason why is 
logical and obvious in view of the 
above 


Lime Handling, 
Application and 
Storage 


The National Lime Association 
has recently published a 71-page 
book on Lime Handling, Application 
and Storage in Treatment Processes. 

This book, authored by Dr. Wil- 
lem Rudolfs, Head, Dept. of Sanita 
tion, Rutgers University, will be 
found helpful to engineers interested 
in the design, equipment, and opera 
tion of municipal and industrial wa 
ter treatment plants, sewage and in- 
dustrial waste treatment plants, and 
chemical processes where lime is 
used. 

This bulletin contains data on the 
principal methods and types of feed- 

| ers, slakers, hoppers, solution pots, 
|}and discusses the advantages and 
disadvantages for each type of 
| equipment. 

| Copies may be purchased at 50 
| cents each plus postage by writing 
directly to the National Lime Asso- 
ciation, 927 Fifteenth St.. N.W.. 
Washington 5, D. C. 


Household Sewage 


Disposal Studies 


The U.S. Public Health Service 
has issued Part I of “Studies on 
| Household Sewage Disposal Sys- 
tems.” This is the first report on the 
sponsored research project which 
has been conducted at the Environ- 
| mental Health Center in Cincinnati, 
| Ohio since Nov. 1946, under the joint 
| sponsorship of the National Housing 
Agency (now the Housing and 
Home Finance Agency) and the 
Public Health Service. 

This Part I reports progress on 
| seven of the project objectives. These 
include: Review of Literature ; Con- 
| trols and Practices in Local Health 
| Units; Experimental Study—Septic 
Tanks; Field Study—Scum and 
Sludge Accumulations; Sludge, 
Yeast as Starters; and Zeolite Sof- 
tener Salts and Digestion. 

This report begins a series to be 
| released from time to time as the 
| work progresses toward the devel- 
opment of scientific data which will 

form the basis of adequate design 
and performance standards. Current 
| research includes the continuation 
| of study of septic factors and a start 
| on the investigation of soil clogging 
and absorption field characteristics. 


in chlorine gos feeding . . . is @ major feature 
of Builders Chiorinizers. With their unique dic- 
phragm control volves, these feeders keep 
chlorine gas flowing evenly, accurately. Avto- 
matic compensation is built in . . . temperoture hie | 
ond pressure changes have no effect on the “) ; ‘ : | 
eccuracy of chlorine delivery. Here's the valve ’ “ 


For extra safety, the Chiorinizer control valve 
incorporates a powerful coiled spring, poised, 
ready to cut the chlorine flow if any condition | 
eccurs to interfere with safe operation. Learn | 
| 
| 
| 
; 





more about the mony odvantoges of Builders 
Chlorinizers: for manual, semi-cuvtomotic, pro- 


For 





tron Foundry), 350 Horris Ave., Prov. 1, R. |. 


| 
| 
The Venturi Meter * Propelofio and Orifice Meters * | 
Kennison Nozzles * Venturi Filter Controllers and | 
Gevges * Conveyofic Meters * Type M and Flo- 
Watch Instruments * Wheeler | 
Filter Bottoms * Master Con- j 
trotters * Chierinizers | 
— Chlorine Gos Feeders * 
Filter Tables * 
Manometers * Chronofle 
elemeters 


The chlorine gas feeders 
with extra features 


BUILDERS 


PROVIDENCE 
Tumend 


WW 
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A limited number of copies of this 
report are available for distribution 
on request to the Public Health Serv 
ice, Environmental Health Center, 
Cincinnati, Ohio. Additional copies 
of the report may be obtained from 
the U.S. Governmental Printing Of- 
fice, Washington 25, D.C. at $1.25 
each, 


Inverted Tin Can Makes 
String Receptacle 
An inverted tin can serves very 


well to keep a ball of string from | 


wandering all over the place. 


Punch a hole in the bottom of the 
can, as indicated in the accompanying 
sketch, run the string through the 
hole, put the ball of string in the can, 
put on the cover, and there it is. 

Invert the can instead of putting 
the hole through the top because the 
weight of the can is sufficient to keep 
it intact. When the cover is used as 
the top and the hole punched through 
the cover it may come off when pull- 
ing the string out due to the lightness 
of the cover. 

If desired, of course, the cover can 
be tacked in place on a table or else- 
where, making it a permanent fixture. 


Blast Furnace Slag 


The Bureau of Mines, U. S. Dept. 
of the Interior, has issued a bulletin 
on “Iron Blast Furnace Slag—Pro- 
duction, Processing, Properties, and 
Uses.” Publication of this book, 
which is designed primarily as a use- 
ful reference on the subject of blast 
furnace slag, was made possible by 
the coordinated efforts of the Bureau 
of Mines and the National Slag Asso- 
ciation. Copies of this bulletin may 
be obtained from the National Slag 
Assn., 644 Warner Bldg., Washington 
4, D.C. 


*Contributed by W. F. Schaphorst, M. E., 
Newark, N.J. 





Establishing remarkable records 


for high purification at low cost— 


 YEOMANS “SPIRAFLO” CLARIFIER and “AERO-FILTER” 
SINGLY .. . OR IN COMBINATION aw 
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... especially in the treatment of strong industrial wastes 


Low construction cost . . . low operating cost . . . high purifying efficiency: 
these ore the choracteristics of the Yeomans “Spirafio” Clarifier and the 
“Aero-Filter System,” whether used seporately or in combination. 





“SPIRAFLO” CLARIFIER—Unusval func 
tional design makes this unit a highly effici 
clarifier for use in trickling filter plants . 
eliminating several non-essentials that 

ply construction and operating costs. Upward 
flow of inflvent through sludge bianket in- 
creases removal of settlable and suspend 
solids. 








“AERO-FILTER SYSTEM"—Simplified d 
sign of this high capacity biological tricklin 
filter cuts construction costs—reduces size 
required filter bed by about 85%. 
efficiency of single stage operation eli 

need of installing and operating ex 
conventional recirculating equipment. 





FIT ANY REQUIREMENTS— Overall plant effi- 
ciency is always higher when the two units ore 
vsed in combination; however, plants using 
either type of equipment or the combination 
can be designed to fit any needs for treating 
oi stic and industrial wastes. 





: 


Pi 


YEOMANS BROTHERS COMPANY 


IMPORTANT INFORMATION —Facts as to 
remarkable records established by Yeomans 
units will be helpful in your project planning. 
Bulletins containing performance data, field en- 
gineering data and truction cost estimat 
are available on reques! —use the coupon. 





ars 
“om 4°) Fw) 





1423 Nerth Deyton Street 
Chicage 22, Iilinois 
Please send these bulletins: 








0 Me. 6570—"Aere-Filter™ 
0 Ne. 6790 “Spirafio” Clarifier 
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Hydroelectric 
Handbook 
“Hydroelectric Handbook” by Wil 
liam P. Creager and the late Joel D. 
Justin has been completely revised and 
reissued. Out of print since 1939, this 
widely used reference has been ex- 

panded and brought up to date 
Forty-four authoritative chapters 
include such topics as power costs, 
hydraulics, estimating stream flow, 
powerhouses, conduits, turbines, and 
generator installations. The new edi 


tion provides engineers with current 
and practical data on the design and 
construction of all types of hydroelec- 
tric plants, dams, and irrigation proj- 


DIESEL POWERED MUNICIPAL 
PUMPING STATION REPORTS 
PUMPING COSTS CUT 25% 


from American 
City Magarine 
February. 1950 


ects. Contributing to this edition are 
eighteen other authors on various 
phases of hydraulic engineering. 

rhe new Creager-Justin handbook 
contains 1151 pages and features 600 
illustrations. The Hydroelectric Hand 
book is published by John Wiley & 
Sons, Inc., 440 Fourth Ave., New 
York 16, N.Y. and retails for $12.50 
a copy 


Determination of 
Dissolved Oxygen 


Issued as one of the Standards of 
the Heat Exchange Institute, the 
“Method and Procedure for the De 
termination of Dissolved Oxygen” is 


87% EFFICIENCY RANGE 
CHARACTERIZES PEERLESS PUMP 
INSTALLATION FOR EASTERN CITY 


Municipalities count high efficien- 
cies over extended pumping periods 
as only one reason for their accept- 
ance of Peerless centrifugal pumps. 
Dependability, ease of maintenance, 
widest capacity range, quality 
construction set the Peerless standard 
for pump performance and operat- 
ing economy. Look to Peerless for 
continued leadership in pumping 
water at measurable savings. Write 
today for Bulletin B-1300 describ- 
ing and illustrating Peerless Type A 
horizontal pumps, shown installed 
in the photo above 


PEERLESS PUMP DIVISION 


FOOD MACHINERY AND CHEMICAL CORPORATION 


Factories: Los Angeles, Californi 


Indiano 





end Indi ii 


Offices: New York; Atlanta; Fresno; Los Angeles; Chicago; 
St. Lowis; Phoenix; Dallas, Plainview and Lubbock, Texas. 
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; book 


now available in its first edition. This 
32-page book presents the test method 
as developed by the Heat Exchange 
Institute. This test is in substantial 
agreement with the ASTM D-&888; 
differences are limited to the pre 
scribed test apparatus, some phases of 
the test procedure, and to the recom 
mended scope of usage 

The book contains eleven sections 
devoted to reagents, calibration of re- 
agents, equipment, sampling, titration, 
computations, interference, and accu 
racy, precision and interpretation. 

One of eight standards issued by 
the Heat Exchange Institute of 90 
Church St., New York 6, N.Y., this 
may be obtained for $2.00 a 


| ec py. 


| tials are: 1 


A Basement 
Waterproofing Kink“ 
It is not difficult to waterproof a 
cellar or basement despite the common 
contrary belief. The principal essen- 


Know how to do it: and, 
2—Do it carefully. 
The accompanying sketch shows a 


| method developed by this writer for 


reducing the floor thickness to a mini- 


| mum and yet have perfect waterproof- 
| ness by using an anchor at the correct 
| depth beneath the floor level. Thus for 
| example if the depth D of the floor 





is 4 tt. beneath the ground level, the 
anchor should be placed 10 ft. beneath 
the ground level. Simply multiply the 
depth of the cellar floor beneath the 
ground level by 2% and you have the 
depth of the anchor beneath the 
ground level. 

As indicated, the proper place for 
the reinforcing rods is near the “top” 
of the concrete floor, not near the 
bottom. The reason for this is that 
water pressure from beneath the floor 
tends to make the floor convex on 
its top side thereby placing the rods 


| in tension. Also, as indicated, tie the 


j 


anchor to the reinforcing rods. 


*Contributed by W. F. Schaphorst, M. E., 
Newark, N.J. 





If the area of the floor is consider 
able, use several anchors. The object 
of the anchor is to add the weight of 
the ground beneath the floor to the 

eight of the floor itself. Should you 
wish to do your own computing, hgure 
100 Ib. per cu. ft. as the weight of the 
ground and 62.5 lb. per cubic foot as 
the weight of water. You will find 
that by placing the anchor or anchors 
down the distance indicated in the 
sketch you will have correct “bal 


ance 


Disposal of 
Industrial Waste 


“Treatment and Disposal of Indus- 
trial Waste Waters” is the title of a 
recent book published by the British 
Department of Scientific and Indus 
trial Research 

The book includes information on 
experimental werk performed at the 
DSIR Water Pollution Laboratory, 
as well as data and information on 
various methods of treatment which 
have been tried in a number of indus 
tries. It is the first such book in more 
than three decades 

Copies of the book may be obtained 
from the British Information Serv- 
ices, New York 20, N.Y., for $3.65 


a Copy 
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Water Control 
Protective Device 


Electro Chemical Supply & Engi- | 


neering Co., Emmaus, Penna., has an 
nounced a new kind of Electrical Con 
trol designed as a safety device to 
protect water-cooled, — electrically 
operated equipment, such as air com- | 
pressors, vacuum pumps and the like, | 
against damage through water failure 
The Esto Water Control can be ad- 
justed to operate at any water flow 
the equipment requires. This elim- | 
inates the possibility of overheating 
If the water supply fails, a weighted 
lever falls which opens the circuit and | 


OF CARLON PLASTIC PIPE* 


® Guaranteed Corrosionproof g Fewer Fittings 

p Longer Service Life p- Easier To Install 
ee p Permanent Free Flow 
pe Flexibility p- Lower Shipping Costs 


CARLON PLASTIC PIPE is the modern answer to water and 

sewage transmission problems. Guaranteed forever against 

rot, rust, and electrolytic corrosion, it has a trouble-free service 
life many times longer than ordinary pipe. 

CARLON'S flexibility and extreme light weight provide for 


more rapid and economical installation. One man can lay long 





sections easily and then make connections in two minutes. Many 

fittings necessary for other pipe are completely eliminated. 
CARLON will curve to follow a ditch line or surface contour, 

and it can be installed above or below frost level because its 


ratio of expansion exceeds that of freezing water. 


Write today for additional information, or 


call BRoadway 6565 for immediate service. 


ARio CHECK CARLON SIZES + + LENGTHS + + WEIGHT + 
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the relay stops the equipment or 
sounds an alarm or both. 

Co obtain further information on 
this new device, use a Reader Service 
Card on which is entered the above 
key number and your name and ad 
dress : 


G. D. Butler Joins 
Nat. Tech. Labs 
in N.Y. 
Announcement has been made by 
National Technical Laboratories of 
the appointment of George D. Butler 
to the staff of the company’s New 


York Office. Mr. Butler was formerly a contact when a flow of water ex- 


a physicist in Instrument Research at 
the Caleo Chemical Co 


502 


Electrical Control 


Operated by 

Water Flow 
General Electric Co., Schenectady, 
N.Y., has announced a new control 
device which responds to a flow of 
cold water to open or close an elec- 
trical contact. Called a flow interlock, 
the device measures approximately 
2% x 3x7 in. In operation it closes 





@ Minimum Pipe Line down time. 

@ Cuts under water in flooded 
ditches. 

@ No broken pipe, milled cut. 

@ Thor Air-Powered, no flames 
near pipe. 

@ Set-up time about 15 minutes. 

@ Portable — weighs only 265 Ibs. 
Two men con carry and set up unit. 


from 12" te 48”. 
@ Only two adjustments necessary 
for size changes. 


MAKE FAST AND ACCURATE CUTS ON 
12” TO 48” CAST IRON AND STEEL MAINS 
UNDER THE MOST DIFFICULT CONDITIONS 


Water Departments must make 
tough cuts during construction 
work and for emergency repairs. 
This one portable machine will 
handle all your pipe cuts from 
12” diameter and up. You will 
not only save time and labor, 
but you will get tight joints 
because of the square milled cut. 
Cuts cement lined pipe too. This 
machine is a budget must for 1950. 


Write today for descriptive folder and engi- 
mecrimg 


data on this mew labor saving saw. 


WACHS COMPANY 
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| 
| 
| 


ceeds a preset amount and opens it 
when the flow falls below the preset 
amount. Working under this prin 
ciple, the device actually acts as a fuse 
in a circuit which depends upon water 
cooling for protection 

The interlock can be used as a safe 
ty device in hot water heaters, welding 
units, kitchen waste units, transformer 
cooling, induction heating, etc 

To obtain further information on 
this unit, mail a Reader Service Card 
on which is entered the above key 
number and your name and address 


503 
6-Inch Log Slide Rule 


Pickett & Eckel, Inc., 7 S. Wabash 
Ave., Chicago 3, IIl., has introduced 


xXx —_ 


so— OD 


















































L 


a new 6-inch Duplex Type All-Metal 
Log-Log slide rule, bearing the reg- 
ular 10-inch Log-Log arrangement. 
Che new rule incorporates the 16- 
scale arrangement. 

For further information on this 
unit, use a Reader Service Card on 
which is entered the above key num- 
ber and your name and address 





504 
Vent and Drain Valve 


Crane Co., Chicago, IIl., has im- 
proved its automatic vent and drain 








assure more accurate seating | 


ger lite This improvement 


s obtained by using a_ simplified 


all-type seating mechanism instead 











the customary dis¢ he valve is 
easy to install in water and oil piping 
systems to remove entrapped air, or 
in compressed air systems to remove 
water and oil. A complete range of 
sizes is available to take care of air 
requirements up to 150 psi. and water 
up to 125 ps! 

For further information, use 
Reader Service Card on which 
entered the above key number 


your name and address 


Site Cast by 
Universal Concrete 
Pipe 
“Site-Cast” is the modern develop 
ment of the Universal Concrete Pipe 
Co. of Columbus, Ohio. The process 
consists of moving the plant to the 
site of the project when existing 
plants cannot furnish specified mate 
rial. This process was utilized in the 


construction of a_ 10-ft. drainage | 


sewer at Midland, Mich 


505 
Plastilube Lubricant 


The Warren Refining & Chemical 
Co., Cleveland, Ohio, has developed a 
new all-purpose lubricant which has 


no melting point. Plastilube contains 


none of the usual ingredients of 
grease. In addition to the non melting 
feature, it possesses greater adhesive 
qualities, excellent pumpability at low 
temperatures and does not break down 
during working. Plastilube is adapt- 
able for virtually all automotive and 
industrial uses 

For further information, use a 
Reader Service Card on which is en 
tered the above key number and your 
name and address 


| qochenstun ciakabaldiipipandieinavhanh. Si ton wie 
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CLARK METER BOXES AND COVERS 





Left, No. 16 Clork Wonder Lock 
Meter Box Round....16" and 18” 
diameters. Large 13”’ lid. 





A. 


Above, No. 11 Oval Clark Wonder 
Lock Meter Box, especially for warmer 











Below, A-2-13 Clark Meter Box Cover climates. H-11", L-18”, W-12”. 
with screw lock. Height 4”, lid open- 
ing 13”. 














Above, A-2-11 Clark Single Lid Meter 
Box Cover, 4” throat. Also available in 
6” and 9” throat. 








eee 








Below, B-2-11-L Clark Double Lid 
Meter Box Cover, 6” throat. Also 
available in 4” and 9” throot. 











Above, AA-3-12 Clark Meter Box 
Cover with 13 Wonder Lock Lid, for 
use with 15” (illustrated), 18” and 








Improved Screw Lock with Perfect Lock of one-piece 
strong forged bronze bolt. manganese bronze forging. 


Wonder Lock Lid (bottom 
view) showing forged bronze 


H. W. CLARK CoO. 


MAaATIO ON, 4 C.4:1.8 0 5 
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Variable Speed Motor 


Sterling Electric Motors, Inc 
5401 Anaheim-Telegraph Rd., Los 
Angeles 22, Calif., has announced a 
new type of variable speed motor 


Known as the Sterling “Speed-Trol” 
Vertical Mounted Motor, it incor 
porates Sterling’s Herringbone rotor, 
labyrinth seals, heavy duty ball bear 
n and streamlined case 
Che Speed-Trol’s power unit is the 
: Klosd-Tite motor. Finger tip con 


fF trol of speed with a large easy-to- 


os 
& 


read indicator is available. Other 
advantages of construction features 
make this variable speed electric 
power drive especially useful for agi- 
tator drives and similar uses 

lo obtain further information on 
this new motor, use a Reader Service 
Card on which is entered the above 
kev number and 


a ldress 


your name and 


507 
Noise Abatement 


Burgess-Manning Co., Libertyville, 

have designed “Snubbers” 
nzine exhaust and compressor intake 
Phey have 


fully on Diesel, gas and 


tor 


been used success 
dual-fuel en 
gines in sewage plants, to reduce noise 
of exhaust slugs without affecting pet 
tormance 

For 


Reack T 


oO.ses 


further information, mail a 
Service Card on whic! 
tered the above key 


name and address 


is en 
number and your 


508 


Fluid-Motor Operated 
Gate Valves 

Ill., has de 

fluid-motor operated 

low original and 


Crane Chicago 5, 
veloped a new 


gate valve at 


Co., 


low 


operating cost. Operating on com 
pressed air, water or oil these valves 
save labor, have greater convemence 
and have timed operating cycles. The 
new Crane fluid-motor is a complete 
compact of a 
racial gear 


assembly consisting 
diaphragm-type motor, 


box and yoke. The motor drives the 
valve through the gear box 

When the valve reaches the end 
of its travel—either wide open or shut 

the motor stalls, automatic shut-off 
devices are not necessary 

If the pressure actuating the motor 
should fail the valve can be operated 
by hand, no de-clutching device is 
necessary 





FOR WATER LINES 


EFicien, 


nr ri ON ae) 
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Above Flexible 
Driven Pipe Cleaning Mo 
Powerful. Sofe 


Power 


chine. Fast 


Auger in 4” 


141 W. Jecksen Bivd. 
Chicage, tl. 
Bex 167 
Les Nietes, Collf. 


40! Broodway 
New York 13 
41 Greenwey Sr. 
Hamden. . 





v 
° leon 1 


les Angeles e 


PIPE CLEANING TOOLS 


hoin 
Heo, 
a 
‘0 


Application of Power Cleaning 
Machine and Chain Head 


Line. 


UNDERGROUND PIPE CLEANING CO. 
9059 VENICE BOULEVARD, LOS ANGELES 34, CALIFORNIA 
147 Hillside 
Irving, N. 


Ter. ». ©. Box 165 
3. Atianto 


709 House Bidg. 
Pittsburgh 8, Po. 


Tenn 
3786 Dur Ave. 
Calif. 


\ troier . 


A 4 
need® et 


445s 5. £. 24th Ave. 


FOR SEWER LINES 


Cast 





o few minutes 
k for Dodge 
te get of the 
Root of the trouble 
with “Flexibles.” 


SEWER-ROD EQUIPMENT CO. 


29 Cerden Ave. 
Roslindale 31, Mass. 
P.O. Bex 447 
Lencester, Texas 


801 E. Excelsoir Bivd. 
ins, b 


Portiend 2, Ore. 
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lo obtain further information on ‘“ 
this unit, mail a Reader Service Card | CLARIFIERS-THICKENERS ‘Best 
on which is entered the above key 
| 


number and your name and address . . 
— sanitation 
509 | 
Portable Tester F . 
For Large Meters SQ equip ment 
The Ford Meter Box Co Iie 


Wabash, Ind.. has available a Portable 


Double-Range Testerate Indicator, a 





meter testing device for field testing | For removal of fine suspended 
Che unit includes a | solids from supply water, waste 

water and sewage. Bulletin 
35-C-15. 


of large meters 
lubricated plug valve for adjusting 
rates of flow, a spring loaded check 
valve at the outlet to keep the instru 
ment full of water and four adjustable 


ceuneitiie the AUTOMATIC BACKWASH FILTER 
For further information, mail a 


Reader Service Card on which 
entered the above key number and 


your name and address 


510 
For high removal of non-settling 
Coated Cotton or slow-settling suspended mat- 
ter. Self-cleaning sand bed. No 
Work Gloves shutdown necessary for back- 


Che Milburn Co.. 3246 E. Wood washing. Bulletin 46-15. 
bridge St., Detroit 7, Mich., has in 
troduced a new Coated Cotton Work 
Glove, which has many advantages 
over synthetic rubber, or other plas 
tic gloves in its chemical resistant 


ROTARY SLUDGE DRYERS 








properties. Known as “Ply-Glove,” 
this new glove will not crack or y eel, 
it does not become slippery whet 
immersed in oil, water or solvents, | 
and is water, acid, caustic and petro 





leum solvent proof. These gloves pene ome —tees A> ar Pi 

have a long-wearing quality which | dehydration of garbage. sewage 

makes their cost extremely low | and sludge. Bulletin 16-D-15. 
lo obtain further information on | 

this glove, which should find consid | 

erable use around water and sewage 

works, use a Reader Service Card on 

which is entered the above key num 


ber and your name and address RECTANGULAR CLARIFIERS 


511 Especially suited for limited spaces 
or where sludge delivery is desired 
Synthetic _ T . at one end of the tank. Bulletin 

Resin Cement ' 

The Electro Chemical Supply & 
Engr. Co., Emmaus, Pa., has an- DIGESTERS 
nounced a new thermal setting syn- ny nee 
thetic resin cement. Known under | For rapid removal of coarse sus- pel wae ety a ‘al ~ 
the trade name, LECTITE, it is | pended solids from large quan- sure uniform gas production. Emit a 
inert to solvents, fats, oils, greases, | tities of waste water. Bulletin dense digested sludge. Bulletin 
alkalies, and acids (except at high 
temperatures). It is particularly use- | 
ful for jointing acid-proof brick and | 
pipe in the construction of neutral- 
izers, disposal units, tanks, process | 
equipment, etc. It may be stored in- | 
definitely. 

To obtain further information on 
this resin cement, use a Reader Serv- | 
ice Card on which is entered the | YORK, PENNSYLVANIA—240 Arch St. ° 
above key number and your name | NEW YORK 17—122 E. 42nd St. . 205 W. Wacker Drive—CHICAGO 6 
and address. SAN FRANCISCO 11—24 California St. + 200 Bay St.—TORONTO 1 
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HYDRO-CLASSIFIERS 


also... 





























FREE 


to WATER WORKS 
and SEWAGE MEN 


HOW TO 
CONTROL 


“The Use of ( 
phate in Control of Micro 
scopic Organisms” Dr 
Frank E. Hale (former 
Director of Laboratories 
Dept. of Water Supply. City 
of New York) is an authori- 
tative work concerning the 
of micro-organisms 
elimination of taste 
Describes in de 


opper Sul- 


by 


control 
and 
and odors 
tail methods of controlling various forms of micro- 
scopic life commonly encountered in water supply 
systems. Contains descriptive material, 4s 
photo-micrograph studies of organisms discussed 


ROOT AND 
FUNGUS 
oe} ba tel s 


Copper Sulphate for 
Root and Fungus Control 
in Sanitary Sewers and 
Storm Drains.” by John 
W. Hood, contains infor- 
mation published for the 
first time. This material 
includes actual methods 
for control and operating 
procedure. Here's the book 
that is a “must” for all sewage men 
GET EITHER OR BOTH OF THESE 
BOOKLETS ABSOLUTELY FREE- 
These two valuable booklets, so important to all 
water works and sewage men, are yours without 
Mail coupon below! 


Write Today, Supply Limited! 


eee eee eee ew eee eS 


PHELPS DODGE REFINING CORPORATION 
40 Wall Street, New York 5, W. Y 


obligation 


Please send my free copy of heck 
Centro! of Microscopic Organisms 
Copper Sulphate for Reot and Funcus Contre 


in Sanitary Sewers and Storm Drain 


Employed by 


Address 


City —Lone State 


WS 550 
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R. H. Morse, Jr., President 
Fairbanks-Morse 


H Morse, Fs, 
Morse became 


third 
president 


Robert the 


generation 


of Fairbanks, Morse & Co. Mr 
Morse who has been vice president in 
started work 
in 1916. He suc 
Col. Robert H 
Morse who became Chairman of 
Board. Young Mr. Morse 
president of the Diesel Engine Manu 


charge of 
the company 
father, 


operations 
with 
ceeds his 
| 


1s also 


facturer’s Association 


512 


Line Operated 
pH Meter 
Instruments, Inc., May 
a new moce 
De 


Coleman 


wood 


30 AC 


Ill., has announced 


line-operated pH Meter 


signed for operation at 95 to 130 volts, 
50/60 cycles, this new instrument is 
characterized by its high stability 
and almost complete freedom from 
drift. Accuracy and reproducibility to 
within 0.05 pH. Continuous, direct 
reading in pH or Millivolts 

For further information on this 
new unit, mail a Reader Service Card 
}on which is entered the above key 
number and your name and address 


513 
Deep Well Pump 





| <A. O. Smith Corp., Milwaukee, 
| Wis., has developed a new, small, 
| high efficiency vertical turbine pump 
| using glass-lined bowls and bronze 


the | 


and VALVES. 
pa) eRe ae ee 


HUB ENDS . FLANGED ENDS 
UNIVERSAL OR STANDARDIZED 
MECHANICAL JOINT 


Fire Protection 
Materia!s, 
Catalog 40 


Water & Sewerage 
Works Materials, 
Catalog #4. 


VALVES—A.W.W.A. approved, irun body, 
bronze mounted with doubled disc parallel 
seat or solid wedge. Non-rising stem, out- 
side screw and yoke . . . spur or bevelled 
gear... hydraulic or motor operated . . . 
square bottom and low pressure. Also 
approved Underwriters and A.F.M. series. 
Shown above is an M & H 30-inch 1.B.B.M. 
Gate Valve with bevel gears, extended 
grease case and 4-inch by-pass. 


M & H PRODUCTS INCLUDES 


FIRE HYDRANTS ELECTRIC MOTOR 
GATE VALVES aie 
WALL CASTINGS can water 
SPECIAL CASTINGS FLAP VALVES 
TAPPING SLEEVES SLUDGE SHOES 
AND VALVES FLANGE AND 
FLARE FITTINGS 
FLANGED FITTINGS 
8 & S FITTINGS 
CUTTING-IN TEES 
HYDRAULIC OPERATED 
VALVES 


CHECK VALVES 
FLOOR STANDS 


SPRING LEVER 
CHECK VALVES 


EXTENSION STEMS 


Mah) VALVE 
AND FITTINGS COMPANY 


ANNISTON, ALABAMA 








impellers 
master” 
as small as 4-inch diameter and has 
up to 40 percent more capacity than 
pump in 


rhe pump, named ‘*Water 
is adaptable to deep wells 


its class 

Equipped with the Smith vertical 
hollow shaft electric motor, the 
unit delivers 15 to 115 gallons per 
minute. Developed for small com 
munity water industrial 
plants, the “Watermaster” provides 
high capacity with low cost 


the average 


new 


systems and 


this 
Service Card on 


For further information on 
unt, mail a 


which is entered the above key number 


Reader 


and your name and address 


514 


Aluminum Alloy 
Fittings 
Che Adalet Mfg. Co., Cleveland, 
Ohio, has announced production runs 


of corrosion resistant aluminum alloy 
conduit fittings for special application 
in sewage and water filtration plants 
Representative fitting, including 
weather-proof lighting units are 
shown in the accompanying photo 
graph. 

For additional information, mail a 
Reader Service Card on which is 
entered the above key number and 
your name and address 


515 


Alum Imported from 
England 

C. Tennant Sons, & Co. of New 
York have announced that they are 
importing alum and its related prod 
ucts from the Peter Spence & Sons, 
Ltd. plant located at Widnes, Lanca- 
shire, England. Tennant will ware 
house the material in the U.S. to in 
sure prompt service to customers 
Now being distributed are an iron 
free aluminum sulphate, ammonia 
alum, and potash alum. 

Technical data sheets on these alums 
as well as samples may be obtained. 
Use a Reader Service Card on which 
is entered the above key number and 
your name and address 


ARANrubber combines the desirable 
features of rubber—flexibility and 
strength—with inherent ability of 
saran to resist corrosive liquids. Add 
the high degree of abrasive resistance 
found in saran rubber and you have 
an outstanding lining for the storage 
and conveyance of grease, solvents, 
acids and chemicals. 


Saran rubber can be applied easily 
and economically by experienced 


Distributed by 


tank lining applicators located str 
tegically throughout the countr 
Saran rubber lined pipe is available 
also in 8-inch diameters and larger, 
and up to 20-feet in length. 


Get in touch with an applicator today 
by contacting your nearest Saran 
Lined Pipe Company office or find 
out how you can add many years to 
the life of your costly equipment by 
writing Dept. TSP-84. 


Saran Lined Pipe Company 


701 STEPHENSON BUILDING « DETROIT, MICHIGAN 
Offices in: New York © Boston © Philodelphio « Pittsburgh 


los Angeles © Portland + Clevelond + Denver « Secttie 


é Charleston, S.C. © Toronto 


tf 


ik Chicago * Tuke «© indionapolis « Houston * Son Francisco 
iy 
Ae 
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ENGINEER'S FILE 


abd?) tele) FV Jai le 
INSTRUMENTS 


STEVENS 


HYDROGRAPHIC 
INSTRUMENTS ‘“ 


A wide range of precision measuring instrv- 
ments to record and indicate head, flow, 
and totalize flow; for waterworks, sewerage, 
irrigation and industriol uses. New, low 
cost methods of liquid level recording. 

These methods ond instruments for all 
liquid measuring problems are listed in a 
complete Engineer's Date folder for your 
convenience. This information folder is FREE 
end can be had by filling in the coupon 
below. The folder includes data on instru- 
ments to record fluctuations of liquids in oil 
Production, stream gaging, deep wells, sew- 
age, irrigation, etc., both accurately and 
economically. 


STAFF GAGES 

















of measuring liquid ‘levels. They ore 
designed so as not to affect the flow 
of liquid. Porceloin enameled for 
easier reading . . . accurately grod- 
voted in English or metric system . . . 
will not rust or discolor. Stoff gages 
ore ovciloble in a wide range of 
lengths and widths — Staff goges 
for as little as $1.00, Complete infor- 
mation in the Engineer's Data Folder. 

Leupold and Stevens pioneered 
the field of water level recording 
43 yeors ago, and since then have 
developed precision measuring in- 
struments of all types and descrip- 


ree a ae a eRe a pes + 


tions to meet mony specific needs. 


Write for the complete file. There may be @ 
measuring device that exactly suits your omen 
requirements. Use the coupon below 


i i 2 ee a a ae ae ee 
Please send me the Engineer's Data Folder 


with complete information on Hydrographic 
instruments. 








- ____State 


LEUPOLD & STEVENS INSTRUMENTS, INC. 
4445 N.E. Glisan + Portland 13, Oregon 
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516 
Klosd-Tite Motor 


Sterling Electric Motors, Los 
Angeles, Calif., has announced that 
their “Klosd-Tite Fan-Cooled” motor 


3 way 
dependability 


Inc., 





now available with face mounted 
end bracket having NEMA style “ 

dimensions in 34 to 20 hp incl. Ob- 
tainable in either the footless type or 
standard horizontal type with feet, 
these face mounted motors are ideal | 
for close coupled pumps or blowers, 


1s 


} ete 
For further information, 
| Reader Service Card on which is en- | 
tered the above key number and your 
| name address. 


mail a 
and 


517 
| Nalcite HCR | 
| National Aluminate Corp., Chicago | 
| 38, IIL, has developed a new zeolite, 
| Nalcite HCR, for removal of residual | 
|hardness after the hot process lime- 
soda softening. This zeolite not | 
adversely affected by hot water 

To obtain further information on | 
Nalco’s Nalcite HCR, mail a Reader 
Service Card on which is entered the} 
above key number and your name 
address. 


Is 


and 





1. IN CASE OF FIRE—dependable, 
smooth operation . . . clear, large 
waterways . . . insure plenty of 
water. Hydrants open fast and eas- 
ily with the pressure . . . and close 
without water hammer. 

IN CASE OF ACCIDENT—stem 
held in place below main valve 
means no water loss due to a bent 
stem. One man can easily remove 
all operating mechanism for in- 
spection or repairs. 

IN CASE OF LOW TEMPERA- 
TURES—Eddy’s positive drip ac- 
tion automatically drains hydrant 
barrel of all water when hydrant 
is closed . . . safeguards hydrant 


against freeze-ups. 
To obtain a copy of this complete | Y 


catalog of well supplies, mail a} 
Reader Service Card on which is| VALVE | COMPANY 
entered the above key number ard | WATERFORD N NEW YORK 


your name and address. | A subsidiary of James B. Clow & Sons 


[LITERATURE 
AND CATALOGS 


518 
WELL SUPPLY CATALOG 


| National Supply Co., Pittsburgh, 
| Penna., has issued a 110-page book- 
let entitled Composite Water Well 
Supply Catalog. 

| The new catalog lists all the equip- 
| oan necessary to drill and produce 
ja well. It is designed to serve as a} 
| complete reference book for opera- 
tors’ requirements 

















519 


FILTER BOTTOMS 

| B Leopold Co Inc., Pitts 
burgh, Penna., has issued a bulletin 
on Leopold Filter Bottoms. This 
eight page folder contains a discus 
sion of the Leopold underdrain, its | 
construction, its general features, | 
and its use. A table showing loss of | 
head through Leopold Compound 
Duplex Filter Bottoms is also shown 
fypical layouts and plans for in 
stallation are also given as are typi 
cal specifications | 

lo obtain a copy of this bulletin, 
mail a Reader Service Card on which | 
ts entered your name and address and | 
the above key number 


520 
SEWAGE SCREEN 


Green Bay Foundry and Machine 
Works, Green Bay, Wis., has avail- 
able a four page bulletin on the 
“North” Sewage Disposal Screen. 
Che bulletin gives the advantages of 
the screen, capacities for the four 
different sizes, points on the opera 
tion of the screen, and drawings of 
the screen design 

lo obtain a copy of this folder, 
mail a Reader Service Card properly 
filled in with the above key number 
and your name and address 





521 
DIESEL ENGINES 


rhe Superior Engine Division of 
the National Supply Co., Springfield, 
Ohio, has issued a new bulletin on 


he Superior Diesel For Stationary 
the Superior Diese r Stationar ; Os eR Bol -& au sam 10-3) an ela) 


\pplication. This 20-page bulletin 
in J 


fications showing a wide range 
. 


power. Also featured are 60 years of 
Superior Engine research and pro WARREN PIPE CO. of MASS. 
duction development and numerous ; ; ‘ INC. sein: ine 
installations of these engines in the 7S F 
past few years in municipal and EDERAL ST., Boston, Ma 
utility plants. 

To obtain a copy of this bulletin 
on Diesel Engines, mail a Reader 
Service Card on which is entered the senvicins 


above key number and your name 
and address. i _" FEDERAL 
9 STATE 
522 COUNTY 
CORROSION SERVICE PIPING MUNICIPAL 


Taylor Forge & Pipe Works, Chi- | | -idaeeaat@ AND 
cago, Ill., has issued a bulletin on Phipps & Bird 


Corrosion Service Piping, which is a INDUSTRIAL WATER TOWERS 
comprehensive treatment on stain SPEELMON ELEVATED LABORATORY 


less steel and nickel alloy anti-cor 
rosion and anti-contamination pip- TANK—SERVICE 
ing. The 32-page bulletin includes COMPLETE PAINTING AND REPAIR 
discussions of economics, standards, | SERVICE 
advantages of welding, technical | 822 N. Court St. Rockford, ti. 
data, and design tips. Complete di | PHIPPS & BIRD. INC 
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Starting Point 


for Economical Water Treating Plants 


Increase throughput capacity—in your present water 


treating plant 


without additional construction 


costs. Coagulate with the aid of N-Sol Process 
(activated silica).* 


N-Sol produces large, tough and heavy floc. It 
shortens settling time; often lengthens filter runs. 


Before you complete designs on new or enlarged 
filtration plants, get file #52-8 on ““N-Sol Processes.” 


*made by reacting “N” Silicate with ammonium sulphate, 
chlorine, alum or sodium bicarbonate. 


PHILADELPHIA QUARTZ COMPANY 
1166 Public Ledger Bidg., Philadelphia 6, Pa. 


N-SOL Coagulating Aids 


NOW! Faster, EASIER JOINTING 
of Cast Iron Bell & Spigot Pipe 


PLASTICIZED, 
SULPHUR BASE 
COMPOUND 


Comes in form of small waterproof wedges. 
Needs no breaking up, as do ingots. Saves melt- 
ing time. 


Wedgetite is more free-flowing. Formula in- 
cludes germicide which inhibits attack by sulphur 
oxidizing bacteria. Shipped in 100 lb. laminated 
heavy duty, waterproof bags. 

This package will not disintegrate when wet. 
Wedgetite delivers lastingly tight joints with 
sufficient flexibility to absorb vibration and to 


meet ground movement. Write for more infor- 
mation. 


ELECTRO-CHEMICAL 


SUPPLY & ENGINEERING CO. 
752 Broad Street Emmeus, Penna. 


First Producer of Thiokol Plasticized Sulphur Cements 
Manufacturers of DURO-SEAL Asphalt Jointing Material for Sewer Pipe 
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mensional information is given on 
stainless fittings and flanges. 

To obtain a copy of this bulletin 
mail a Reader Service Card on which 
is entered the above key number ana 


| your name and address 
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WATER WELL TESTER 


Fisher Research Laboratory, Inc., 
Palo Alto, Calif., has published a 
bulletin on Salt Water Infiltration 
and the Fisher M-Scope water well 
tester. This bulletin describes the 
salt water problem and the four 
methods commonly used for testing 
for salt water infiltration in a well. 
The Fisher M-Scope water well test- 
er is described, its principles of op- 
eration explained and its application 
to the problems outlined. 

To obtain a copy of this bulletin, 
use a Reader Service Card on which 
is entered the above key number and 
your name and address. 
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FREFLO PUMPS 


Worthington Pump and Machin- 
ery Corp., Harrison, N.J., has avail- 
able a bulletin on Worthington Fre- 
flo Pumps. The bulletin describes 
this type of pump which comes in 
three models and is offered for pump- 
ing sewage. Horizontal, vertical and 
vertical close coupled models are 
available. The bulletin shows cut 
away diagrams, and performance 
curves. 

To obtain a copy of this bulletin, 
use a Reader Service Card on which 
is entered the above key number and 
your name and address. 
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LABORATORY EQUIPMENT 

Fisher Scientific Co., Pittsburgh, 
Pa., has issued a bulletin on Castaloy 
Laboratory Appliances which in- 
clude burette holders, burette sup- 
ports, utility clamps, extension 
clamps, flexaframe supports, clamp 
holders, devices for controlling flow 
and ntany other useful items for use 
in laboratory. 

If you are interested in modern 
equipment for a laboratory, use a 
Reader Service Card on which is 
entered the above key number and 
your name and address. 
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LIQUID LEVEL CONTROLS 

B/W Controller Corp., Birming- 
ham, Mich., has available a four page 
bulletin on all electric floatless Liq- 
uid Level Controls. This bulletin 
shows the principle and operation of 





its features, and | 
water and 
shown are 


the B/W 


typical 


Relay, 
uses, including 
sewage pumpings Also 
photographs, descriptions, and spec- 
induc 


relay enclosures, 


ifications of induction relays, 
tion relay switches, 
starter and relay combinations, mul 
tiple pump controls, electrode hold 
ers, and special controls and panels 

lo obtain a copy of this bulletin, 
mail a Reader Service Card on which 
is entered the above kev number and 


your name and address 
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TRENCHLINER 

Parsons Co., Newton, lowa, has 
announced the publication of a new 
catalog describing the latest im 
provements and capacities of the 
Parsons 250 Trenchliner. This 8 
page bulletin contains photographs 
depicting many exclusive features, 
along with schematic drawings list 
ing the dimensions of the 
machine 

Trenching for water and 
lines is a big job in the operation of 


detailed 
sewage 


water and sewage systems, and it 1s 
important to have a trencher that is 
big, tough, and will cut through all 
types of material short of solid rock 
his bulletin describes such a ma 
chine 

lo learn more about this machine 
send for this bulletin on the Parsons 
[renchliner. Just mail a Reader 
Service Card on which you have 
written the above key number and 
your name and address 
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VIBRATING SCREEN 

Link-Belt Co., Philadelphia, 
Penna., has available a catalog bulle- 
tin on the Link-Belt Liquid Vibrat- 
ing Screen. The bulletin describes 
and shows this equipment being used 
for the separation of solids and liq 
uids in canning wastes and else 
where 

To obtain a copy of this bulletin, 
fill in a Reader Service Card with | 
the above key number and your name | 
and address and mail the card to this 
magazine 


| 
| 
529 | 
ROTARY DISTRIBUTORS 
Walker Process Equipment, Inc., | 
Aurora, Ill., has released a four page 
bulletin on Rotoseal Rotary Distrib- 
utors for trickling filters. This bulle- 
tin shows the design of the Roto- | 


seal distributor, and describes its | 
features. 

To obtain a copy of this bulletin, 
mail a Reader Service Card on which 
is entered the above key number and 
your name and address. 





Which shall it be? Disposing of unwanted 


sludge by burial or burning is definitely an 
expense item. The same sludge processed 
with a Royer becomes a readily saleable fer- 
tilizer — a steady source of income. 


Undried sludge cake with as much as 56% 
moisture content can be shoveled into the 
hopper of a Royer Sludge Disintegrator, 
along with added chemicals if desired. A 
thoroughly mixed, finely granulated ferti- 
lizer is discharged, with all sticks, stones and 
trash removed—ready for immediate use by 
parks, florists and golf courses. 


Royers are made in electric motor, gasoline 
engine or belt-to-tractor driven models and in 
sizes from | to 12 cubic yards per hour. Write 
for complete information. 


ROYER FOUNDRY & MACHINECO. | 


KINGSTON. Pa 


ITOPRINGLE ST 








OP WATER SEEPAGE 
S SEWAGE CORROSION 
sus 7 ae 

WITH FORMULA No. 640 
a clear liquid penetrating (1°+) 


preventing water absorption and 

reducing the action of acids. Holds 

12’ hydrostatic head. Use our Hay- 

proc Rubberized Enamel for color on 

walls and floors—not affected by con- 

centrated acids, alcohol, oil, or traffic 
abrasion. 


30 OTHER PRODUCTS 
Write for technical data. 
Haynes Products Co., Omaha 3, Nebr. 
See our fle in Sweet's 





| No matter how old the job—5 to 25 years 


sealer for concrete and masonry || 








Since 1886 
“Ebony Paint Kills Rust’’ 


A Refined Coc! Tar Base Paint 


Specified by many Engineers for Sewage 
Disposal and Water Plants. 


Quart ple and li on request 


Ebony Paint Manufacturing Co. 


18th & Agnes Ave. 
KANSAS CITY 1, MISSOURI 
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the economical 
practical solution 
to costly 


WATER HAMMER 


With fts renewable dis 


nical 


ind seat, non 


wearing spring, the Williams 


Hager Valve offers dependable prote 


tion in any position——horizontal, vertical 


with flow upward, vertical with flow 


angular Easily in 
or reseated without special tools 


jownward and 
stalled « 
it is available in standard pipe sizes 
from 1” to 20 


Write for Bulletin WH 100 


THE WILLIAMS GAUGE CO. 


2000 PENNSYLVANIA AVE. - PITTSBURGH (33), PA. 
TT TE 
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| contains an illustrated story 
| solving of 


530 
PUMP CATALOGS 


Economy Pumps, Inc., Hamilton, 
Ohio, has three new pump catalogs 
available. These include the general 
service Sump Pumps, Mixed Flow 
Volute Pumps, and Non Clogging 
Centrifugal Pumps 

To obtain these 
Reader Service Card on which is 
entered the above key number and 
your name and address. Also indi 
cate which catalog or catalogs you 
desire. 


catalogs, use a 
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HARDINGE “HIGHLIGHTS” 

Hardinge Co., Inc., York, Penna., 
has published its first issue of Hard- 
inge Highlights, a four page com- 
pany magazine or house organ. In- 
cluded in this first issue is a short 
story on the Hardinge 
the Columbus, Ohio, water 
ing plant. “Charlie” Hoover, Supt 
of Filtration, and M. Hough, Supt 
of Water Dept. at Columbus, are 
shown with Harlowe Hardinge, 
ident of the company. 
Highlights also contains the prize 
winning photographs of the 1949 
contest, and a story on the Hardinge 
25 vear club as well as other com 
pany activities 

If you desire to have your 
on the mailing list for the Hardinge 
Highlights, mail a Reader Service 
Card on which is entered the above 
key number and vour name and ad- 


dress 


soften- 


pres 
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DE LAVAL PRODUCTS 


De Laval Steam 


Trenton 2, N.J., has available a com- 


plete pictorial bulletin of Products | 
Pictured and described | 


of De Laval. 
are steam turbines, helical gears, cen- 
trifugal pumps for water and sewage, 
multistage pumps, Imo pumps, blow- 


ers and compressors, and worm gear | 


speed reducers 


| 

To obtain a copy of this bulletin, | 

use a Reader Service Card on which | 
is entered the above key number and 


your name and address 
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THE YEOMANS GUARD 


Yeomans Bros. Co., 
regularly issues The Yeomans Guard, 
a house organ devoted to company 


products, activities, and installations | 


The most recent issue 
on the 
the sewage treatment 
problem of Florida’s Silver Springs. 
This is but one of the items in the 
February-March issue. 


of equipment. 





Clarifiers at | 


The Hardinge | 





New 
Shock- 
Proof 
Curb 
Service 

and 
Valve 
Boxes 





NEW FEATURE—the SHOCK-PROOF 
JOINT permits easy. hand- 
adjustment. Absorbs surface and road 
shocks. Asbestos cement pipe with 
cast iron top and cover. Lightweight. 
easily installed, corrosion proof. Avail- 
able in range of standard sizes and 
styles. Write for detailed information. 





AGENTS WANTED 


VERAKO PRODUCTS CO. 
Grand Ave. & Skokie Rd. P.O. Box 604 
Waukegan, Iii. 
WATERWORKS AND SEWERAGE SUPPLIES 


Local om for MEH Valve & Fittings 2. 
Jones Co 


mith Blair, inc 
co tieonan’ Foundry 4 
Connection Pipe 


rican Bos ress 
jonns Manvitie Mouse 





name | 


Turbine Co., | 


Chicago, IIL., | 


AT YOUR SERVICE WITH 
FORTY YEARS’ EXPERIENCE 


Art Concrete Works, now in its 40th year 
of service. originated pre-cast concrete 
meter boxes and has since remained the 
leader by producing more than 3,000,000 
Art Concrete Meter Boxes for over 1500 
different water systems. 


If you have a particular meter box prob- 
lem .. . look to the leader! Write Art Con- 
crete Works for prompt assistance. 


Eleven Factories te Serve YOU! 


Arr Concrete Works 








your name added to the | 


list for the Yeomans Guard, | 


mailing 
just mail a Reader Service Card o 
which is entered the above key m 


er and your name and add 
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CHLORINATION TOPICS 

Wallace & Tiernan’s Chlorination 
Topics, Vol. 4, No. 1 contains some 
interesting stories on the flow chart 
of the Ottumwa, lowa, water plant 
cyanide waste treatment with chlo 
rine, mussel trouble at a power sta 
tion and laboratory studies on the 
treatment of phenol wastes with 
chlorine 

In addition this 8-page house or 
a current literature re 
view and an miteresting§ feature 
“Who and What” by A. E. Griffin 


lo have your name added to the 


gan contains 


mailing list for “Chlorination 
” use a Reader Service Card « 
entered the above key num 


and your name and address 
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CORROSION RESISTING PLUG 
VALVES 

The Duriron Co., Inc., 
Ohio, has issued bulletins on a new 
line of Durco Corrosion Resisting 
Plug Valves. These bulletins con 
sist of two single sheets, punched for 
ring binder. One sheet presents the 
Type B-175 lb: lubricated straight 
way valve and the other shows the 
Type B with flexible jointed plug 

lo obtain these 
Reader Service Card on which is en 
tered the above key number and 
your name and address 


Dayton, 


sheets, use a 
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VALVE SIZING CHARTS 
Fischer & Porter Co., Hatboro, 
Penna., has issued liquid and gas 
Valve Sizing Charts, covering the 
ranges 0.02 to 10,000 gpm. and | to 
100,000 Ib. per hr. respectively 
lo obtain a copy of these charts, 
use a Reader Service Card on which 
is entered the above key number and 
vour name and address 
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TYGON TUBING 


U.S. Stoneware, Akron, Ohio, has | 


just released a bulletin on Tygon 
Flexible Plastic Tubing. This 24- 
page catalog describes the many and 
varied uses to which this tubing car 
be put, including laboratory uses in 
water and sewage plants. The tubing 
is clear, inert, flexible, non-toxic, 
non-aging, and sterilizable. Accord- 


"/’m one of 2000 


Waterworks Superintendents — 
saving money through 


the SIMPLICITY of 
Buffalo-Made 
Meters.” 


revenue 
through the use of Buffalo 
AMERICAN Meters. Mainten 
ance costs reflect the simplic 


ity and absence of unneces 
sary parts, so Buffalo. Meters 
provide fu meter earnings 
at lowest ost per dalel’ncelale, 


gailons 


2902 MAIN STREET, 


AMERICAN (Bronze Cose) WATER METERS 
NIAGARA (Golv. tron Case) WATER METERS 


BUFFALO METER CO. 


BUFFALO 14, N. Y.- 





WALKING 





BEAM FLOCULATOR 


Has Certain Advantages 











NO BEARINGS IN CONTACT 
WITH WATER 


NO STUFFING BOXES ARE REQUIRED 


READILY ADAPTED 
TO EXISTING BASINS 


DECREASE IN THE AMOUNT 
OF COAGULANT USED 


OPERATION COSTS ARE LOWER 


‘ne. ta the bulletin, there are six | STUART CORPORATION © 516 N. CHARLES STREET, BALTIMORE 1, MD. 
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LEADITE 


Pipe 


TABLE OF COMPARATIVE QUANTITIES 


| 


SUA AAEARaAaaAa 


wn 
SSSS TCS cHemoueun 


Cs 


38.00 
» | 42.00 


LEADITE COMPANY 


Girard Trust Co. Bidg., Philadelphia 2, Pa. 


3.00 | 135. 


i 3.00 150.70 





. ae \ ee 
“A” Roto-Trol operates from 
the pressure in the pump discharge 
line, at the pump house. The electric 
time delay prevents starting or stop- 


ping due to surges. It also protects 
deep well turbines from damage due 


Type 


to back-spin. .. . T “A” Multi- 
Pump Roto-Trol is designed for two 
or more pumps discharging into the 
same discharge pipe. Adjusted time 
delays compensate for additional 
pumping friction and surges when 
second pump starts or stops. 


WRITE FOR PERFORMANCE 
AND ENGINEERING DATA 


Water Levels Contro! Division 


HEALY-RUFF COMPANY 


783 HAMPDEN AVE. ST. PAUL 4, MINN. 
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standard Tygon formulations. Com- 
plete data are given on each one. In 
addition, 
ical resistant characteristics of these 
and other special formulations. One 
section of the bulletin tells all about 
laboratory ind industrial ap- 
plications 

To obtain this interesting bulletin, 
mail a Reader Service Card on which 
vou have written your name 
dress and the above key number 
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SPIRAL-WELD PIPE 

laylor Forge & Pipe Works, Chi 
cago, Ill, has issued a bulletin on 
the Taylor Spiral-Weld Pipe. This 
bulletin shows the sizes and wall 
thickness which are available, and 
also shows Taylor Forge fittings 
which are intended for use with 
spiral-weld pipe. Also listed in the 
4-page folder are many typical appli- 
cations for this light weight pipe 
which has great strength. 

To obtain a copy of this bulletin 
on spiral-weld pipe, use a Reader 


uses, 


and ad 


Service Card on which is entered the | 


above 
and 


key number and your name 
address. 
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IMPORTED BOOKS 
The Book Dept. of Mapleton 
House, Brooklyn, N.Y., has issued 
a small catalog listing well known 


imported books on sanitation and | 
sanitary engineering, water supply, | 


pumps and mechanical engineering 
These books are now available at 
savings up to 45 per cent. 

If you are interested in building 
up your library of technical books, 
obtain one of these catalogs by mail- 
ing a Reader Service Card from the 
back of this magazine. Be sure to 
enter both your 
AND the above key number. 
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ENERGY CONTROL 

Energy Control Co., New York, 
N.Y., issues a bi-monthly house or- 
gan. Titled Energy, this “bulletin” 
ts packed full of stories about the 
equipment which this company han- 
dies. One of the recent issues had a 
story about water metering, in par- 
ticular about the Buffalo Meter Co. 
Niagara water meters. 

Energy Control Co. represents The 
Hays Corp. (recorders); Bethlehem 
Fdry. and Mach. Co. (flow tube) 
Cochrane (condensate return) ; Fos- 
ter (pressure reducing, etc.); ESS 
(photoelectric controls); Lonergan 
(pressure and vacuum gages); De 
7urik (eccentric plug valves); Penn 


the bulletin gives the chem- | 


name and address | 
| 








HELLIGE 


TURBIDIMETER 


(S) A TURBIDIMETER 


WITHOUT STANDARDS 
Accurate + Foolproof + Universal 





WRITE FOR CATALOG No. 8000 


HELLIGE 


INCORPORATED 
3N6 WORTHERN BLVD. LONG ISLAND CITY 1, N.Y. 














IT’S COMPLETE 
i) 
TAYLOR 


WATER 


ANALYZER 


pH, COLOR, MANGANESE, TOTAL IRON, 
AMMONIA, CHLORINE, SILICA, NITRITE N, 
NITRATE N, FLOURIDE, COPPER 


Complete enough for the largest water treatment 
piants—inexpensive enough for the smallest. Set 
inctudes a color standard slide for each determ) 
nation—liquid color standards are enclosed within 
the slide, thus, eliminating inconvenient, fragil« 
single standards—-The Taylor Liquid Color Stand 
ards carry an unlimited guarantee against fading 
—your assurance of permanent accuracy 

FREE REFERENCE BOOK 

Write direct for this valued book 

we | pH, and Chlorine Con- 


of interest te 
water treatment cngineers, Tells 
how Taylor sets are used ‘ough- 
oe Se ote. Soe your dealer 
for equipmen 


W. A. TAYLOR co. 





Industrial Instruments; Magnetrol 
(quid level control); Philadelphia | 
Thermometer Co.; and Bayer (heat | 
exchangers ). 

[hese “news magazines” will be of 
interest to persons having problems 
in the measurement or control of 
energy. To have your name placed 
on the mailing list, just enter the 
above key number and your name 
and address on a Reader Service 
Card and mail it to this magazine 
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REGULATORS AND 
CONTROLLERS 

Fisher Governor Co., Marshall 
town, Iowa, has issued a bulletin on 
Fisher Regulators and Controllers. 
Included in the 12-page catalog are 
pressure regulators, diaphragm con 
trol valves, pump gas 
regulators, liquid level controls, lever 
and float valves, traps, strainers and 
filters and special control valves 

To obtain a copy of this catalog, 
mail a Reader Service Card on which 
is entered the above key number and 
your name and address 


governors, 
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SUBDRAIN PIPE 


Che Firman L. Carswell Mfg. Co., | 
Kansas City, Kas., has issued a bulle 
tin on Free Flow Subdrain and Run- 
off Pipe. The bulletin describes free 
flow pipe for sub-drains, gives di 
mensions, discusses efficiency, and 
shows various uses of the pipe for 
removing underdrainage. Sugges- 
tions are given for construction of 
sub-drains 

To obtain a of this useful 
book, use a Reader Service Card on 
which is entered the above key num 
ber and your name and address 


copy 
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COMPRESSIBILITY CHARTS 


Worthington Pump and Machin- 
ery Corp. has released a new Worth 
ington Research Bulletin. This one 
is titled Compressibility Charts and 
Their Application to Problems In- 
volving Pressure—Volume Energy 
Relation for Real Gases. A 26 page 
bulletin, this material is divided into 
three parts: I—Real Gases, II 
Horsepower Equations for a Real 
Gas, and III—Flow Through Noz- 
zles. Illustrative charts and dia- 
grams are included. 

The purpose of the bulletin is to 
present a series of compressibility 
charts covering the very broad pres- 
sure-temperature range usually en- 
countered in engineering practice 

(Continued on page 148a) 


CEMENT GUN COMPANY PRE-STRESSES AND 
RESTORES EXISTING WATER TANK 


The progress picture above shows a stage of 
our repair work on a concrete water tank in 
New England. This tank was completely lined 
with reinforced “GUNITE” to stop seepage 
which had caused serious disintegration to the 
of the tank. The entire outside of the 
chipped and existing 


exterior 
tank was subsequently 
hoop rods exposed 

To strengthen the tank, wedges were driven 
behind the rods to take up the slack. This 


EMENTGUNCOMPANY ~~: 


“GUNITE CONTRACTORS 


placed the rods in tension and the concrete in 
direct compression. Wire mesh was then at- 
tached to the reinforcing rods and the entire 
tank treated with two inch mesh reinforced 
“GUNITE.” 

The use of “GUNITE” for repair and con- 
struction of reservoirs, bridges, buildings, etc., ¥ 
is illustrated and described in Bulletin C 2400, 
We will gladly send a copy at your request. 
On your letterhead please. 


MANUFACTURERS 
THE 


CEMENT GUN 


GENERAL OFFICES — ALLENTOWN, PENNA USA 








FOR SMALL 
GATES IT’S THE 


POWERENCH 
GAS ENGINE DRIVE 


PORTABLE, WEIGHS 37 LBS. 
MADISON, CONN. 


PAYNE DEAN & CO. 


36 


PORTABLE FOUR 


GATES UP TO 48 IN. 
kkk 





SEWAGE TREATMENT 


The Bio-Chemical Process (a Guggenheim development) is a 
proved, economical, complete treatment of sewage—lowest first 
cost—lowest operating costs, utilizing community trade wastes 


to treat sewage. 


Investigate this process without cost or obligation. 


(If you counted only 34 words, you probably didn’t realize that economical’’ and " proved"’ are doubly 
important in connection with the Bio-Chemical Process) 


THE BIO-CHEMICAL PROCESS 


OFFICES AND LABORATORIES: 


2266 N. Meridian, Indianapolis 8, Ind. + 


120 Broadway, New York 5, N. Y. 
a 
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SPECIALIZING IN THE FIELD OF 


WATER & SEWAGE WORKS 





Consulting Engineers 
Water, Sew: and Industrial Waste Prob- 
lems — ids, Refuse Incinerators, 
Power Plants — Industrial Buildings 
City Planning—Reports—Valuations 
Laboratory 


121 South Broad Street, Philadelphia 2, Pa. 


Consulting Engineers 
Water Sewage — Electricity 
Industry 
Reports, Design, Supervision of Construc 
tion, Investigations, Valuation and Rates 


4706 Broadway. Kansas City 2, Missouri 








e Offices 
DILLSBURG. PENNSYLVANIA 








Charles B. Burdick 
Louis R. Howson 
Donald H. Maxwell 
Water Works, Water Purification, Flood Re- 
Met, Sewerage, Sewage Siepesss. Drainage, 
Appraisals, Power meration 
Civic Opera Building Chicago 


Clinton L. Bogert Associates 
CONSULTING ENGINEERS 
tg L._ Bogert fvan L. 


. Bogert 
M. M. Gre Robert A. Lincotn 
Bom ald M. Ft mars Arthur P. Ackerman 


Water & Sewage Works 
Refuse Disposal Industrial Wastes 
Drain Flood Control 


age 
624 Madison Avenue, New York 22, N.Y. 


The Chester Engineers 


Water Supply and Purification, Sewerage 
and Sewage Treatment, Power Develop- 
ment and Applications, Investigations and 
Reports, Valuations and Rates. 


210 E. Park Way at Sandusky. 
Pittsburgh 12, Pa. 








ARGRAVES & MORT 
ENGINEERS 


Sewerage and Sewage Treatment 
Refuse Disposal—tIndustrial Wastes 
Water Supply and Purification—Dams 


70 COLLEGE ST. NEW HAVEN, CONN. 


Bowe, Albertson & Associates 
Engineers 
Water and Sewage Works 
mae Wastes—Retuse 
Municipal Projects 
ids—tIndustrial Buildings 
od "Reporte—Desh igns—Estimates 
v Y 


New York 7, N.Y. 





110 William St. 


CONSOER, TOWNSEND 
& ASSOCIATES 


Water Supply—Sewerage—Flood Control & 
Drainage — Bridges — te Highways — 
Paving—Power Pone— ppraisals—Reports 
—Traffic Studies—Airports 
351 East Ohio Street 
Chicago 11, Il. 








JOHN J. BAFFA 
Consulting Engineer 
Water Supply and Treatment 
Sewerage and Sewage Treatment 


75 West Street New York 6, N. Y. 


Buck, Seifert and Jost 
Consulting Engineers 


(Formerly Nicholas S. Hill Associates) 
Water Supply, Sewage Disposal, Hydraulic 
Dev leports, In Valu- 
ations, Rates, Design Construction Opera 
tion Management, Chemical and Biological 

Laboratories 


112 East 19th St. 





New York 


DE LEUW, CATHER & COMPANY 


Water Supply Sewerage 
Railroads Highwaye 
Grade Separations—Bridges—Subways 
Local Transportation 


Investigations — Reports — Appraisale 
lans and Supervision of Construction 
150 North Wucker Drive o 

78 McAllister Street San Francisco 2, 














Michael Baker, Jr. 
The Boker Engineers 


CIVIL ENGINEERS AND 
MUNICIPAL ENGINEERS 


Airport Design—Sewage Di 
Water Works Design 
— Surveys and Maps 


Consulting Services 
HOME OFFICE—ROCHESTER, PA. 


Systems 


BURGESS & NIPLE 
Civil and Sanitary Engineers 
Water Supply and Purification 
Sewerage and Sewage Treatment 


Appraisals, Reports, Valuations 


584 East Broad Street 
Columbus 15, Ohio 


Fay, Spetierd & Thorndike 
M. W. Horne 


Charles 
Ayer 


Bowman Frank L. 
Carroll A. Farwell 5 
Water Supply and Distribution — Drainage 
Sewerage and Sewage Treatment — Airports 
Investigations and —— 
luations 


L. Hyland 
Lincoln 


Desi 
Tipervinten of Construction 
Boston New York 








W. H. & L. D. BETZ 
CONSULTING ENGINEERS 
INDUSTRIAL WASTE 
INDUSTRIAL WATER 
ANALYSIS DESIGN 
INVESTIGATIONS OPERATION 
Gillingham & Worth Sts. 
Philadelphia 24. Pa. 


BURNS & McDONNELL 





1404 E. Sth St. 


GANNETT FLEMING CORDDRY 
AND CARPENTER, INC. 


vow © Works, Ne e, pee Wastes & 

irports, Bridges 
& Flood Control. Town Planning, Appraisals, 
Investigations & Reports. 











BLACK LABORATORIES, INC. 


Consulting Eaypeee and Chemists 
On all Problems of 
Water, Sewage, and Waste Treatment 
ANALYSIS - TREATMENT CONTROL 
RESEARCH 


968 South Oak Street 
Gainesville, Florida 








Camp, Dresser & McKee 

Consulting Engineers 
6 Beacon Street. Boston 8, Mass. 

Water Works and Water Treatment; Sewer- 

age and Sewage Treatment; Municipal and 

Industrial Wastes; Investigations and Re- 

ports; Design and Supervision; Research 

and Development; Flood Control 








GILBERT ASSOCIATES, INC. 


Water ~ at pf Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


New York Reading, Pa. Washington 
Houston Philadelphia 
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_Ivan M. Mt. Glace 


WATER suPPLy an ana ON 
SEWERAGE AND SEWAGE TREATMENT 


Design, Construction and 
Supervision of Operation 


Tele 1001 North 
csr Bark 





ENGINEERING OFFICE OF 
CLYDE C, KENNEDY 
COMPLETE ENGINEERING SERVICE 
For More Than a Quarter Century 
meme 1 Reports, Design, Supervision 

truction and Operation 
Water Supply Water Conditioning, Sewer- 
age, wage and pre aste 


Treatm: 
CHEMICAL and BIOLOGICAL LABORATORY 
604 Mission Stree: San Francisco, § 


The Pitometer Company 
Engineers 


Water Waste Surveys, Trunk Main 
Surveys, Water Distribution Studies 
Penstock Gaugings 


New York, 40 Church St. 








WILLIAM A. GOFF, INC. 


General Engineering and Consulting 
Services—Water, Sewerage, Refuse 
Incineration, Industrial Buildings, 
Power Plants, Airport, Town Planning 
Plans, Supervision, Valuations, Reports 


Broad St. Station Bidg., Philadelphia 3, Pa. 


Morris Knowles, Inc. 
Engineers 


Water Supply and Purifi Ss ag 
and Sewage Disposal, Valuations, Labora- 
tory, City Planning 


1312 Park Building, Pittsburgh, Pa. 





LEE T. PURCELL 


Consulting Engineer 
Water Supply & Purification; Sewerage & 
Sewage Disposal; Industrial Wastes; Inves- 
tigations & Reports; Design; Supervision of 
sonstruction & Operation 
Analytical Laboratories 


1 Lee Place Paterson 1, N. J. 








Se f Gopetoy Paul Hansen (1920-1944) 
Paul E. Lan Kenneth V. Hill 
Thomas M mTitioe Samuel M. Clarke 
Water Supply, Water Purification 
Sewerage, Sewage Treatment 
Control, Drainage, Refuse 


220 S. State Street, Chicago 4 


WM. S. LOZIER CO. 


Sewerage, Sewage Disposal, Water 
Supply, Water Purification 
Refuse Disposal 


Consulting Engineers 
10 Gibbs Street Rochester 4, N. Y. 


Thomas M. Riddick 
Consulting Engineer and Chemist 


Muntciogs and we ae Purification, 
wage Treatment, pervision, Stream 
Pollution In Chemical and Bac 


teriological Analyses. 


369 East 149th Street 
New York 55, N. Y. 














Havens & Emerson 
W. L. Havens Cc. A. Emerson 
A. A. Burger F. C. Tolles F. W. Jones 
Consulting Engineers 
Water, Sewage, Garbage, Industrial 
Wastes, Valuations—Laboratories 


Building 


Leader Woolworth Bidg. 
Cleveland 14 New York 7 


Metcalf & Eddy 
Engineers 


Sewage, Drainage, Refuse and 
Industrial Waste Problems 
Airfields Valuations 


Water, 


Laboratory 


Statler Building 111 Sutter St. 
Boston 16 San Francisco 4 





ROBERT AND COMPANY 
ASSOCIATES 


Architects 8 Engineers 


path SUPPLY « vane ny te 
SEWAGE DISPOSAL «+ POWER PLANTS 











Hayden, Harding & 
Buchanan 
Consulting Engineers 


John L. Hayden 
John H. Harding Oscar J. Campia 


Waterworks, Sewerage, Civil, 
Mechanical, Electrical, Structural 


826 Park Square Building, Boston, Mass 





INDUSTRIAL WASTE CONSULTANTS 
(A Guggenheim Subsidiary) 
INVESTIGATIONS AND REPORTS 
Offices and Laboratories 
2266 Ne. Meridian, 
120 Breedway, 


Russell B. Moore—A. F. Nielsen—Robert J. Theroux 
(Memberships in ASCE, “eee AIMME, CSSWA, 


Indianapolis 8, indiana 
New York 5, New York 


Russell & Axon 
Consulting Engineers 
Geo. S. Russell F. E. Wenger 
Joe Williamson, Jr. 


Water Works, Sewe 
Disposal Power Plants, aa lggeateale 


a2 Nac pam! 


Sewage 











Charles Haydock 
Consulting Engineer 


Water Works and Sanitation, Industrial 

Wastes, Design, Construction, Operation 

and Management. Reports and Valuations. 
2314 Girard Trust Company 





Nussbaumer, Clarke & Velzy, Inc. 


Newell L. Nussbaumer—irving Clarke— 
harles R. Velzy 
Water Supply and Treatment 
Sewerage & Sewage Disposal 
Garbage Incineration 
Town Planning 


52 Vanderbilt Ave. N. Y. City 
Buffalo 


J. E. SIRRINE Company 
Engineers 
Water Supply & Purification 
Sewage & Industrial Waste Disposal 
Stream Pollution Reports 
Utilities, Analyses 


Greenville South Carolina 











Consultants to Municipalities 
since 1920 


WATER, SEWERAGE, PAVING, POWER 
PLANTS, AIRPORTS, REPORTS 
AND APPRAISALS 
521 Sexton Bidg. 

Mi lis 15. Mi 














Dams, Water Works, Sewerage, 


Airports. " 5 
Traffic & Transportation hways, 
Subways, Foundations, orks, 
Valuations, Power Developments, 

Industrial B 


51 Broadway, New York 6, N. Y. 


Benjamin L. Smith & Associaies 
Engineers 


Des Inv a Specviton ——, - ae 

signs — ae — 

M . and Public Utilities 
11 North Pearl Street 
Albany 7. New York 











Jones, Henry & Schoonmaker 
(Formerly Jones & Henry) 
Consulting Sanitary Engineers 
Water Works 
Sewerage & Treatment 
Waste Disposal 


Toledo 4, Ohio 








Security Bldg. 


Civil & Sanitary Engineers 
Malcolm Pirnie Ernest W. Whitlock 
Richard Hazen G. G. Werner. Jr. 
Investigations, Reports, Plans 
Supervision of Construction and Operations 
Appraisals and Rates 
25 West 43rd St., New York 18, N. Y. 








Consulting Engineers 
Water Works—Sewerage 
Electric Power—Flood Control 
Rate Studies—Valuations—Industrial 
Airports Municipal Buildings 
Hershey Bidg., Muscatine, Ia. 








(Continued on next page) 
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~ CONSULTING. RNGINRERS 


Specializing in the Field of 
WATER AND SEWAGE WORKS 

















Phillip B. Streander & Affiliates 


Consulting Engineers 
683 Atlantic Avenue, Boston 11, Mass. 
Water Supply. Treatment, Distrib 
Trade Wastes, Refuse Disposal 
Sewerage, Sewage Treatment 
Plans, Supervision, Reports 











Weston & Sampson 


Water Supply, Water Purification, Sewer- 

age, Sewage and Industrial Waste Treat- 

ment, Corrosion Control, Laboratory Service 
Supervision, Valuations 


14 Beacon St. Boston, Mass. 








Whitman & Howard 
Engineers (Est. 1869) 





89 Broad &t., Boston, Mass. 








WHITMAN, REQUARDT 
AND ASSOCIATES 
Engineers — Consultents 


Civil—Sanitary—Structural—-Mechanical- 
Electrical ports, Plans. Supervision 
Appraisals 


1904 St. Paul Street 
Baltimore 2. Maryland 














FOR SALE Duplex Strainer 


New Andale Duplex strainer, designed for 100 
PSIG maximum working pressure It has a cast 
tron body and covers, bronze valve stems and valve 
seats, and cast iron valve discs. The baskets are 
%” perforated bronze. Price: $1500.00 


Dalton Supply Co., Dalton, Pa. 











CAST IRON 


Excellent Used Condition 
Immediate Delivery below mill price 


Write—Wire—Phone 


SONKEN-GALAMBA CORPORATION 
2nd and Riverview (X-545) 
Kansas City 18, Kenses 








THateher 9243 





(Continued from page 145A) 
The charts are especially complete at 
low values of reduced pressure. 

This bulletin with all of its mathe 
matical developments will be of 
greatest interest to engineers, par- 
ticularly those working in the field 
of gas compression. 

To obtain a copy of this bulletin. 
use a Reader Service Card on which 
is entered the above key number and 
your name and address. 


548 


TRI-CLAD GENERATORS 

General Electric Corp., Schenec- 
tady, N. Y., has issued a bulletin on 
the G.E. Tri-Clad High Speed Syn- 
chronous Generators. This eight 
page bulletin deals with generators 
for standby, portable, and prime 
source power is widespread fields of 
application. Three typical installa- 
tion stories are presented along with 
construction features, mechanical 
modifications and performance data. 

To obtain a copy of this bulletin, 
use a Reader Service Card on which 
is entered the above key number and 
your name and address. 


549 


HOT PROCESS SOFTENERS 

Graver Water Conditioning Co. 
has just issued a comprehensive bul- 
letin on Hot Process Water Soften- 
ers. An introductory section explains 
boiler plant troubles caused by im- 
purities in water. Twelve different 
methods of heating water to elimi- 
nate these impurities are presented as 
are the advantages and chemistry of 
hot-process softening. 

Also given are two basic designs 
and six adaptations of each design 
to various plant conditions. More 
than 30 diagrams and flow charts 
are shown together with many in- 
stallation photographs. 

To obtain a copy of this bulletin, 
mail a Reader Service Card on which 
is entered the above key number and 
your name and address. 
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CONSTRUCTION PUMPS 


Marlow Pump Co., 523 Greenwood 
Ave., Ridgewood, N. J., has just 
issued a 12-page bulletin on seven- 
teen different series of self-priming 
centrifugal pumps and three series 
of diaphragm pumps especially de- 
signed for use in construction work. 

In the line of self-priming centri- 
fugals described is the newest Mar- 
low Water Wizard Pump for con- 
tractors, the Series 430, 40M, 4-inch 
suction and discharge. 

The bulletin contains performance 
tables stating the capacities in gal- 
lons per minute at heads from 15 
to 110 feet for the low-pressure (at 
AGC Rating) and 40 to 280 feet for 
the high-pressure self-priming cen- 
trifugals. 

For a copy of this bulletin, enter 
the above key number on a Reader 
Service Card and mail. 


551 


TRAVELLING WATER 
SCREENS 

Chain Belt Co. of Milwaukee has 
published a catalog on the Rex Trav- 
elling Water Screens. The bulletin 
shows how these screens are effec- 
tively used to screen debris from 
intake water. The various types of 
screens available are shown, together 
with the features of the Rex design 





5 





SALES ENGINEER WANTED 


to represent a well-established manu- 
facturer of water works distribution 
equipment in the state of N.Y. & NJ. 
Must be an experienced salesman or 
have water utility operating experience. 
Permanent position, salary and bonus. 

Interview arranged on basis of letter 
stating educational background, experi- 
ence, availability, salary desired and 
other pertinent information. 

If possible, enclose a recent photo- 
graph and reference. Replies held in 
confidence. Box 1035. 


WATER & SEWAGE WKS. 
22 W. Maple St., Chicago 10, Ill. 











——— 


. - 
| It is better to be able to | 
appreciate things you 
| cannot have, than to have 
things you cannot 


appreciate. 


——————————EE7~ 














POSITION WANTED 


Bacteriologist and chemist, now in charge of eastern 
city water and sewage laboratory (pop. 160,000), 
wishes to relocate. Would like to take charge of water 
and sewage laboratory in progressive Western, Mid 
western, or Southern city. Capable, ambitious. Col 


lege graduate. Excellent references. Geox 1036, 
WATER & SEWAGE WORKS, 22 West Maple St.. 
Chicago 10, 11. 








Mechanically cleaned 
BAR SCREEN FOR SALE 


Link-Belt Type “C” for 4 ft. channel, 
1 H.P. Motor. Used about 5 years. For 
particulars write J. K. Adams, Boro of 
Tenafly, N.J., or phone Englewood 3-3637 
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DARLEY 


DIPPING 
NEEDLE 
$17.50 


with 3 section 
telescoping handle 
$22.25 


Write Today for 
68-Page Catalog 
W. &. DARLEY @& co., 














JOINT 
LEAKAGE 


use 


CARSON CLAMPS 


With Pearlitic C.1. Bolts for Cast 
Iron Pipe and Fittings. 


Write for Prices. 


Carson-Cadillae Co. 
1221 PINSON 8T. BIRMINGHAM, ALA. 








ANTHRAFILT 


Trade Ma 
“a 


All Purr 


t Reg Pater 


ANTHRACITE EQUIPMENT CORP 


Anthracite Institute Building 
Wilkes-Borre, Po 


PALMER FILTER EQUIPMENT: CO 


822 E. Sth St Erie, Pa 


neers an 


and the facts to consider in selecting 
the right type of screen 
To obtain a copy of this bulletin, 


mail a Reader Service Card on which | 


is entered the above key number and 


your name and address 
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MERCURY MANOMETER 
FLOW METERS 

Fischer. & Porter Co., Hatboro, 
Penna., has issued a new bulletin on 
the Mercury Manometer Flow Me- 
ters. The bulletin describes the sev- 
eral models available: close-coupled 
clutch, with or without 
transmission to a remote 
location—electric impedance bridge 
transmitter and automatic ratio con 
trol. Specifications and dimensions 
}are given 

lo obtain a copy of this bulletin, 
use a Reader Service Card on which 
is entered the above key number and 
your name and address 


magnetic 
pneumat 


545 
SWIMMING POOL FITTINGS 


Josam Manufacturing Co., Cleve- 
land, Ohio, has published a 32-page 
Swimming Pool Drainage Products 
Manual SP-3. The booklet contains 
ideas and suggestions on modern 
pool layouts together with complete 
details on correct drainage fittings to 
be used in the construction of new 
pools or remodeling of old pools. 

To obtain a copy, use a Reader 
Service Card on which is entered the 
above key number and your name 
| and address 





546 
BUTTERFLY VALVES 


Automatic Temperature Control 
| Co., Inc., Philadelphia, Penna., has 
| issued a folder on Butterfly Valves 
| for the control of air, water, 
| and steam 
prices are given 

To obtain a copy of this folder, 
mail a Reader Service Card on which 
is entered the above key number and 
your name and address 


gas, 
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VIBRATORY FEEDERS 
Syntron Co., Homer City, Penna., 
has just issued a new 
Vibratory Feeders. The bulletin 
shows and describes “Vibra-Flow” 
Models, 


Multiple Magnet Furnace 





tin, mail a Reader Service Card on 
| which is entered the above key num- 
i ber and your name and address. 





Diagrams are shown and | 


bulletin on | 


Vibratory Feeders, Long Conveyors, 
Feeders, Infra-Red Dry Feeders, etc. | JOSEPH GC. POLLARD CO., INC. 
To obtain a copy of this new bulle- | 





CONTROL 


Gas Pressures 


From Digestion Tanks with 
NORWALK REGULATORS 
and CHECK VALVES 


Handling sewage gas from digestion tanks 
is one of Norwalk Valve's activities in the 
manufacture of gas pressure control 
equipment. Stock items include check 
valves, pressure relief valves, regulators, 
all sizes and pressures. Illustrated are the 
No rw alk Dise Check Valve and the “Meter 
Cop” (a Norwalk exclusive) 


DESIGN AND FABRICATION 
OF SPECIAL UNITS 


Any unusual problems can be solved by 
our design and fabrication of special units. 
Norwalk products are made with ASTM 
and other materials required by contract 
specifications 
Outline your requirements in a note 
to us. We'll be glad to suggest designs and 
special equipment. We'll also send along 
a catalogue of our 
complete line of gas 
control equipment. 


NORWALK 
VALVE 
COMPANY 


33 RAILROAD AVENUE 
SOUTH NORWALK, CONN. 














M-SCOPE Pipe Finder 


LIGHTWEIGHT MODEL 


Catalog 
No. 25M 
On Request 


Pipe Line Equipment 
New Hyde Park New York 
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WATER LEVEL 
CONTROL 


Never Sleeps 
Never Forgets 


Maintains exact 
levels to 1/100 of 





an inch in Water Tanks—Reservoirs—Set- 


tling Basins—Boilers— 


oar cael 
LIQUID LEVEL CONTROL 


Has no moving parts 


Dd. 
A 





Amp 


in container 


impulse. Just two steel 


Motor, 
Motorized 
Valves, 
Solenoid 
Valves, 
Etc. 


nothing else. Controls 
directly pump motors, 
Simple installation. Prac- 


tically no up-keep. 


valves. 








Write for Engineering bulletin No. 421 


S. Dea 


McWane's 
BELL & SPIGOT 


CAST IRON 
PIPE 


Easy 


"+ To CUT 
* To TAP 
* To LAY 


It is corrosion resist- 
ant cast iron. Made 
to the rigid Standard 
Class 150 Federal 
Specifications — 500 
pound test. 


18 ft. Lengths 


ALL SIZES 2” thru 12” 


McWANE CAST IRON PIPE CO. 


Birmingham 2, Alabama 
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no floats—Op- 


To erates electronically with 1/10000 ie. 
Pump Pau: 


rods | 
| 


motorized | 





The Biggest 


TIME, WORK AND MONEY SAVERS 
IN YOUR KIT! 


Light — portable — One man can handle 





» 
e 


SPRING LOAD 


A-C TENON TOOL A-C PIPE CUTTER 
Field tenons to fectory finish Cuts cutting time to 50% 

Simplest, most efficient tool for tenon- Fastest, easiest, cleanest way te cut 

pine or wood Soatery and Transite pipe. Unskilied 

4: in seconds. can do most cutting on the job. 

te 6”. Lathe- Eliminates costly hand sawing. Ne 

smooth cuts. Eliminates ey — oe. spol . Ne preliminary as- 

ing. machine shop and mbty pA multipte parts. Sets up, ad- 

Permits use of ee length "oot juste te any pipe size in a few seconds, 

waste. Minimum . © tol Minimum” ‘maintenance _ for 4-8 
erance cuts , -K > adapters. - pipe and 10-20 | 


distributed Pots carers by 


H. D. FOWLER CO. 


P.O. Box 3084 Seattle, Wash., U.S.A. 





water 6 Seutens: Siete Sessis 











D-KEY WORK 


service since 1890 


GLAUBER BRASS INC. 


KINSMAN, OHIO 


GLAUBER wo sae 


GROUND-KEY CURB and CORPORATION STOPS 
LEAD GOOSENECKS and WATERWORKS FITTINGS 























WATER LEVEL 
CONTROL 


Never Sleeps 
Never Forgets 


Maintains exact 
levels to 1/100 of 





an inch in Water Tanks—Reservoirs—Set- 


tling Basins—Boilers— 


ar call 
LIQUID LEVEL CONTROL 





Has no moving parts 
To erates electronically with 
Pump Amr 
See in container 
Motorized Te 
Valves directly pump 
Solenoid valves. Simple 
tically no up-keep. 


impulse 
nothing else 
motors 
installation. 
Valves, 
Etc. 
Write for Engineering bulletin No. 421 








x~umenite Efectronic Company 


} ’S. Dear rn Street Ch ag 5 1 


McWane's 
BELL & SPIGOT 


CAST IRON 
PIPE 


Easy 
"* To CUT 


* To TAP 
* To LAY 


lt is corrosion resist- 
ant cast iron. Made 
to the rigid Standard 
Class 150 Federal 
Specifications — 500 
pound test. 


18 ft. Lengths 


ALL SIZES 2” thru 12” 


McWANE CAST IRON PIPE CO. 


Birmingham 2, Alabama 





Water & Sewace Works, May, 1950 








no floats—Op- 
1/10000 | i... : 
Just two steel rods | 225 
Controls | 
motorized | 
Prac- 





The Biggest 


TIME, WORK AND MONEY SAVERS 
IN YOUR KIT! 


Light — portable — One man can handle 


SPRING LOAD 


TOOL AC PIPE CUTTER 
Field tenons to ae finish Cuts cutting time to 0% 

Simplest, most efficient tool for tenon- est way to cut 

ing Century and Tranche pine or Low ng 

pipe on the jer. Adjusts 

Tenens any length up 

smeeth cuts. Eliminates hauling, load. 

ing, machine shep and tathe costs. 

Permits use of any length pe; no j 

waste. Minimum upkeep. Ci tot. ag --y- maintenance. Sizes for 4- 8 

erance cuts eliminate adapters. . pipe and 10-20 in. pipe 


distributed cheats by 


H. D. FOWLER CO. 


P.O. Box 3084 Seattle, Wash., U.S.A. 
Woter & wel Works Supplies 


A-C TENON 











D-KEY WORK 


service since 1890 


GLAUBER BRASS INC. 
KINSMAN, OHIO 


GLAUBER ses ve 


GROUND-KEY CURB and CORPORATION STOPS 
LEAD GOOSENECKS and WATERWORKS FITTINGS 
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WATER & 











In the past we have repeated useful basic 
data, tables, prone, etc.—from year to year, 
benefit of mew subscri 

certain other matter was repeated in alter- 
mate years or every third year, and new 
material was, of course, added. 
subscriber who kept three consecutive Refer- 


chiefly for t 


ence and Data issues on file 


Foreword 


rs; 


Thus the 
i of the 


most important reference material published 
by Water & Sewage Works. 

This year very little material is repeated 
from previous issues, but considerably more 
new material is being published. 

In order to bave a complete Reference and 
Data file it will be necessary for the readers 


to bave available not only the current issue 
but also issues of at least the four years 
preceding this issue. Several articles pub- 
lished since 1941 have not been repeated 
within the last four years. Therefore for the 
convenience of the user a consolidated ten 


year index is incorporated in this issue. 


FOR THE INDEX TO THE REFERENCE AND DATA MATERIAL, AND THE INDEX TO ADVERTISERS, 
SEE THE REAR SECTION OF THIS ISSUE. 


ABRASIVES 
Carborundum Co., Refractories 
Div., Perth Amboy, N. J. 
ACID, SULFURIC AND 
HYDROCHLORI 
Dow Chemical Co., Midland, Mich. 
General Chemical Div., 40 Rector 
St.. New York 6, N. Y. 
Hooker Electrochemical Co. 9 
Union St., Niagara Falls, N. Y. 
Koppers Co., te Koppers Bidg., 
Pittsburgh Pa. 
Niagara Alealt Co., 60 E. 42nd St., 
ew York City. 
Penn. Salt Mfg. Co., Widener 
. Philadelphia 7, Pa. 
Phipps & Bird, Inc., 303 8. 6th 
St., Richmond 6, Va. 


ACTIVATED AND BLACK ALUM 


Activated Alum Sales Corp., 516 
N. Charles St., Baltimore 1, 
Md. 


ACTIVATED CARBON 


- -<~ Alum Sales Corp., 516 
N. Charles St. Baltimore 1, 


Ma” 

Industrial Chemical Sales Division, 
West Virginia Pulp & Paper 
Co., 230 Park Ave., New York 
17, N. Y. 

Lakeside Engineering Corp., 222 
W. Adams St., Chicago 6, Ill. 

Permutit Co., 330 W. 42nd St. 
New York 18, N. Y. 

Stuart Corp., 516 N. Charles St., 
Baltimore 1, Md. 


AERATION APPARATUS 


Allen-Billmyre Div., Lamson Corp., 
a ® 8. Clinton 8t., Syracuse, 


Water Softener Co., 
Patetettie, * 
100 N. 


Works, 
Perth Amboy, 


, —~ hy , m 

© eee Co., 

Chicago Pump Co., 2349 Wolfram 
St., Chicago, TL oui. 


Indico, Ine., 325 W. 25th Pl., 
Co., 


Guecer Water Conditioning 
216 West 14th St., New York 11, 


N. 
Link-Belt Co., 2045 W. Hunting 
Park ore, Piiledeiphia 40, Pa. 
Flush Tank 4241 Ra- 


venswood Ava, C' Mieags 18, TL 
Walker Process Equip., Inc., 518 

Hankes Ave., Aurora, IL 
Yeomans Co. 

Dayton St., Chicago #2, Il. 





1423 N. 


AGITATORS 

Allen-Billmyre Div., Lamson Corp., 
a 8. Clinton St., Syracuse, 
N. Y¥. 

Ralph B. Carter Co., 
St., Hackensack, N. J. 

Chain Belt Co., 1600 W. Bruce St., 
Milwaukee 4, Wis 

Graver Water Conditioning Co., 
o96 West Lith St., New York 11, 


Arch 8t., 
Chi- 


192 Atlantic 


N. Y. 
Hardinge Co., Inc., 240 
York, Pa. 
Infileo, Inc., 
cago 16, 
Link-Belt Co., 
Park Ave., 
== 


aes W.. 25th PI., 
1 

2045 W. Hunting 
Philadelphia 40, Pa. 
Filter Mfg. Co., Darby, 


sesext Corp., 516 N. Charles St., 


Co., 1438 N 


Dayton St., Chicago 22, m 


AIR BLOWERS 
(See Blowers, Air) 


AIR COMPRESSORS 
(See Compressors, Air) 


AIR RELIEF VALVES 


Crane Co., & So. Michigan Ave., 
Chicago 5, Til. 
“a Vaive Co., Williamsport, 


H. D. er Co., Inc., 901 Lane 
St, P. Box 3084, Seattle, 


Wash. 
Iowa Valve Co., Oskaloosa, lowa. 
R. 8. Products 


N 
St, Chicago 2 . Mm. 


ALLOYS—COPPER—SILICA 
American Brass Co., Waterbury, 
Conn. 


ALTERNATORS, ELECTRIC 
ys Co., Jt 8. 
70th Miiwaukee 1 
B/W Controller 


: Birmin 
Fatrhesl 





ALUM, AMMONIA 
Activated Alum Sales Corp., 516 
harles St., Baltimore 1, Md. 
General Chemical Co., 40 Rector 
St., New York 6, N. Y. 


ALUM, BLACK 
(See Black Alum) 

ALUM, FILTER 
(See Filter Alum) 


ALUMINUM & ALUMINUM 
ALLOY PRODUCTS 
Aluminum Co. of America, 

burgh 19, Pa. 


AMMONIA, ANHYDROUS & 
AQUA 


Pitts- 


Dow Chemical Co., Midland, Mich. 
General Chemica! Div., 40 Rictor 
St.. New York 6, N. Y. 
Mathieson C' ical Corp., 60 
—— St., New York 17, N. Y. 
Salt -~4 Co., er 
Bide.. Philadelphia 7, Pa. 


AMMONIATORS 

Amer. Water Softener Co., Phila- 
delphia 33, Pa. 

Chemical Mg wee Co., P. O. 
Box 3098, Terminal Annex, Los 
Angeles 54, Calif. 

Everson Mfg. 214 W. Huron 
St., Chicago, I 

Graver Water Conditioning Co., 
ey West 14th St., New York 11, 


Proportioneers, Inc., 345 Harris 
Ave., Providence 1, R. 

Wallace i, as maps Co., Inc., Belle- 
ville 9, 


ANTHRAFILT 
Amer. Water Softener Co., Phila- 


me West 14th St., New York 11. 


» Be 

Stas uart Corp., 516 N. Charles St., 
Baltimore 1, Md. 

Walker Process Equipment, ine. 
518 Hankes Ave., Aurora, 


AQUAPHONES 
Globe Phone Mfg. Corp., Reading, 
Mass. 
ed & Co., Inc., Spring Val- 


ARRESTERS, FLAME 
Pacific Flush Tank Co., 4241 Ra- 
venswood Ave., Chicago 13, Il. 


w. & Ss. W.— 





ASBESTOS-CEMENT PIPE 
H. D. Fowler Co., Inc., 901 Lane 
St, P..O. Box 3084, Seattle, 


= a & Mattison Co., Ambler, 


Johns-Manville Co., 22 E. 40th 8t., 
New York City. 


ASH AND COAL HANDLING 
MACHINERY 
Bucyrus-Erie Co., South Milwau- 


kee, Wis. 
Chain Belt Co., 1600 W. Bruce St., 
Milwaukee 4 Wis. 
Dracco Cleveland, Ohio. 
Frank G. Co., 752 Sunny- 
side Ave., ye eB mL 
Jeffrey Mig. Co., 996 N. 4th St., 
Columbus, O 
. Inc., Koppers Bide.., 
ttsburgh 19, Pa. 
Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia 40, Pa. 
Stuart Corp., 516 N. Charles St., 
Baltimore 1, Md. 


BAR SCREENS 
(See Screens, Sewage) 


BINS, STORAGE 
lammond Iron Works, Warren, 


Pa. 
Link-Belt Co., 2045 W. Hunting 
Park Ave., Phi 7 40, Pa. 
Posey Iron Works, 560 8S. 
Prinee St., Loncastes, Pa. 


BITUMINOUS COATINGS AND 
LININGS 


140 Cedar &t., 
WN. Y. 


town, Pa. 
Centriline Ws 
New York 


Paint “itanufgctaring Ca, 
x Agnes Ave. 


—_— kB. RS Westfield, 


BLACK ALUM 
Activated Alum Sales Corp., 516 
N. Charles St., Baltimore 1, Md. 
BLEACHING POWDER 
(See Calcium Hypochlorite) 


Rererence & Data — 1950 





R-2 
BLOWERS, = GAS (Centrifugal 
and Rota 


Allen- all Div., 
ca 8S. Clinton St.. Syracuse, 


Aitis-Chalmers Mfg. Co., 1192 8. 

70th St., Milwaukee 1, Wis. 

Turbine Co., 

racco E. 116th St., 
Cleveland t &, Ohio. 

Caey Electric Co., Schenectady, 


ener “Water Conditioning Co., 
216 A oes 14th St., New York 11, 


N. Y. 
Homelite Corp., Riverdale 
Port Chester, N. Y. 
mersville Blower Corp., 
P. O. Box 327, Connersville, Ind. 
Standard Stoker Co., je, Pa. 
U. 8S. Hoffman Mach. Corp., 111 
Fourth Ave., New York 3, N. Y. 


BLOWERS (Gaseline Engine 
Driven Portable) 
Allen-Billmyre Div., Lamson Corp., 
1061 S&S. Clinton St.. Syracuse, 


Ave., 


Homelite Cor i Riverdale 
Ave., Port Chester, N. Y. 
Connersville Blower Corp., 
f, 0. Box 827, Connersville, 
nd. 


BOILER cane ores pues. 
MENT AND EQUIPM 
Allis-Chalmers Mfg. a Ae Ss. 

70th St., Milwauw 1, Wis. 
Chemical ipment Co. P. O. 
Box 3098, Terminal Annex, Los 
Angeles 54, Calif. 
Graver Water Conditioning Co., 
216 West 14th St., New York 11, 


N.Y. 
Hardinge Co., Inc., 240 Arch St., 
York, Pa. 
Infileo, tee, a W. 26th Pl, 
Corp.. ” 
. 14 EB 
. Linden, N. 
Co. 1329 E. Mermaid 
ladelphia 18, 


Permutit co. at w. ‘ted St., 
1 





New York 18, N. Y. | 
Roberts Filter Mfg. Co., Darby, | 


|. Penn. 
DP Ras Valve Miz. Co, P. 0. Box 
| 596, Troy, N. ¥. 


BOILERS, GAS 
American Radiator & Standard 


Sanitary wy P. O. Box 1226, 
Pittsburgh 30, Pa. 


BOOKS, TECHNICAL 
McGraw-Hill 
42nd 


& 
Ave, New York i 


BOXES, VALVE AND METER 
(See Valve Boxes; Meter Boxes) 


BRASS GOODs 
(See also 


Brass 
Crane Co., s. Michigan Ave., 
Chicago 5 


— Brass, Ine., 
“it, Mfg. = 12th & Liberty 
¥. wr eeDexald Mfg. 


Dubuque 
Mueller Co., fur 0 ti Cerro Gordo 


Sa ° 


nge, N. J. 
Corp., 1500 Walnut St., 
2, Pa. 
BREECHINGS, STEEL 


Bridge & Iron Company, 
McCormick Bidg., Chicayo 


R. D. Cole Mfg. Co., Newnan, Ga. 
Pittsaburgh-Des Moines Steel Co., 


BUFFER SOLUTIONS & TABLETS 

Coleman Instruments, Inc., 318 
Madison St., i. 

Hellige, Inc., 8718 Northern Bivd., 
Long Island City, N. Y. 

La Motte Chemical Co., 
Baltimore 4, Md. 

W. A. Taylor & Co,, 7300 York 
Rd., Baltimore, Md. 


Chi- | 
w. | 


Lamson Corp., | 


| 


| 








Kinsman, | 
Co., | 


Spring | 


Towson, | 


BUCKET ELEVATORS 


Chain Belt Co., 1610 W. Bruce 
St. Milwaukee, Wis. 
a A oe Barry Place, Stamford, 


Link Belt Co., 2045 Hunting Park 
Ave., Philadelphia 40, Pa. 
BUTTERFLY VALVES 
(See Valves, Butterfly) 


CABLE 
General peyote Corp., Schenec- 


Sonkes-Galomba Corp., 2nd & 
Riverview, Kansas City 18, Kan. 


CALCIUM HYPOCHLORITE 
Innis, Speiden & Co., 117 Liberty 
t.. New York City. 
John Wiley Jones Co., Caledonia, 
Mathieson Chemical Corp., 


42nd 5St., = York 17, x 9 


jon, 
Ave. at Bellefield, Pittsburgh 
18, Pa. 
345 Harris 
R. L 
@ Chemica! 
New York 


Pul a Pep 


M. 
Co., ~ . 
CALGON 


(See Corrosion Suppression and 
Water Stabilization) 


CAULKING MACHINES & TOOLS 
Mueller Co., 612 W. Cerro Gordo 
St., Decatur, Ill. 
Northrop & Co., Inc., 50 Church 
St., New York 7, N. Y. 
CARBON-ACTIVATED 
(See Activated Carbon) 
CARBONATORS (Recarbonation). 
eee  —eamnd Co., Phila- 
delphia 33 
Amer. Well Works, 100 N. Broad- 
way, Aurora, Il. 
os Co., Perth Amboy, 
Graver Water Condition Co., 
216 West lith St., New Ton 11, 
infileo, Inc., 325 W. 25th Pl., Chi- 
cago 16, Ill 
Lakeside 


Walker Process Equipm 

518 Hankes Ave., Aurora, Ill. 
CASTINGS, IRON, STEEL, 

ALLOY STEEL, ETC. 

Bethlehem Fdry. & Machine Co., 
Bethlehem, Pa. 

Blackburn Smith Mfg. Co., 9% 
River St. 4 . 
Cast Iron 


=, : Michigan Ave., Ghicass 


rk, 
Josam ute. Co., 1302 Ontario St., 
Cleveland 13, 
Iron Works, —_ 560 8. 


ince St., , Pa. 
Richmond Fdry. & Mfg. Co., P.O. 
Box 7 Saunders Sta., Rich- 
a. 

P. Smith Mfg. Co. 545 N. 
Arlington Ave., ae 
Riverview, .— me = 
8S. Pipe & Foundry Co. . Bur- 
ween N. J. 

arren Foundry & Pipe Corp. 
* 75 York City. 


CAST IRON PIPE 
(See Pipe) 


CATHODIC PROTECTIVE 
SYSTEMS 


A. 


U. 
~ 





Electro Rust-Proofing Co., Belle- 
ville, N. J. 
Graver Water Conditioning Co., 
= a sae Mth St., New York 11, 
H. D. Fowler Co., Inc., 901 Bane | 
, St, P. O. Box 8084, Seattle. 
Wash. 


Ww. & S. W.— Rererence & Data — 1950 


Wallace & Tiernan, Belleville 9, 
N. J. 
CAUSTIC SODA 
Diamond Alkali Co., 
a 
Dow Chemical Co., Midland, ie, 


Hooker Electrochemical 
Union St, Niagara Falls, N ¥. 


13, Pa. 
Solvay Sales Corp., 40 Rector St., 
New York City. 


CEMENT ASBESTOS nye 
H. D. Fowler Co., I 
ae (P. 0. Box 3084), ig 
Keasbey & Mattison Co., Ambler, 


Pa. 
Johns-Manville, 22 E. 40th St, 
ew York City. 


CEMENT GUN 
Cement Gun Co., Allentown, Pa. 
Preload Corp., 211 E. 37th St, 
New York 16, N 
CEMENT PIPE 
(See Pipe, Concrete) 


CEMENT LINED PIPE 
(See Pipe) 


CEMENT LINING OF PIPE 
Centriline Corp., 140 Cedar 5St., 
— York 6, N. Y. 
uart Corp., 516 N. Charles St., 
a 1, Md. 


CEMENTS, ACID PROOF 
Atlas 7 ~o Prod, Co., Mertz- 


town, 
Pennsylvania Salt Le a Co., 1000 
Widener Bidg., Philadelphia 7, 


a. 
Robinson Clay Product Co., 65 W. 


State St., Akron, Ohio. 


CEMENTS, REFRACTORY 
Carborundum Co., Refractories 
Div’n., Perth Amboy, N. J. 
Johns-Manville, 22 E. 40th St., 

New York City. 


CEMENTS, SEWER PIPE 


Atlas Mineral Prod. Co., Mertz- 


town, Pa. 
Preload Corp., 211 E. 37th St.” 


New York 16, N. ¥ 


CEMENTS, WATER MAINS 
Atlas Mineral Prod. Co., Mertz- 
town, Pa. 
Michael Hayman & Co., 870 E. 
Ferry St., Buffalo, N. 7. 
= $ Co., Inc., Spring Val- 


Prelced ‘Corp, 211 EB sith Bt, 
New York 16, N. 

Stuart Corp., 516 N. Charles St., 
Baltimore 1, Md. 

(Elevating, Conveying & 

Transmission) 

It Co., 16009 W. Bruce St., 


CHAINS 
Power 


CHEMICAL, CONVEYING 
EQUIPMENT 


Chain Belt Co., 1600 W. Bruce St., 
Milwaukee 4, Wis. 
, 4079 EB. 116th St, 
Cleveland 5, 
Jeffrey Mfg. Co., 996 N. 4th St., 
jambus 16, Ohio. 


Stua) 
Baltimore i, Ma. 


CHEMICAL FEEDING & PRO- 
PORTIONING EQUIPMENT 
Bailey Meter Co., 1072 Ivanhoe | 

Ra., Ohio. 


ji 
at Dellefietd. Phun | 


Pittsburgh, | 





B/W Controller Corp., 2206 E. 
Maple Rd., Birmingham, Mich. 
x 1600 W. Bruce 
St., Milwaukee 4, Wis. 
Chemical Equipment Co., P. 
Box 3098, Terminal Annex, 
Angeles 54, Calif. 
Everson Mfg. Co., 214 W. Huron 
St., Chicago, Il. 
Fischer & Porter 


oO. 


Loe 


Co., Hatboro, 
Conditioning Co., 
New York 11, 


H. D. Fowler Co., Inc., 901 Lane 
St, O. 3084, Seattle, Wash. 

Hardinge Co., Inc., 240 Arch St., 
York, Pa. 

Infileo, Inc., 325 W. 25th PI., 


Pa. 
Graver Water 
216 West 14th St., 


Chi- 


222 W 
» mm. 
. Carson St., 


E. Mermaid 
Lane, Philedsiphie 18, Pa. 
Omega Machine Co., 345 part 
Ave., Providence i, R. 
Permutit Co., 330 W. 
New York City. 
Phipps & Bird, Inc., 303 S. 6th 
St., Richmond 5, Va. 
Proportioneers, Inc., 345 Harris 
Ave., Providence 1, R. L 
ogee Filter Mfg. Co., Darby, 


=. Se Blower Corp., 
P. OQ. Box 827, Connersville, 


Ind. 

Simplex Valve & Meter Co., 6743 
ba St., Philadelphia, Pa. 
R. Sparling, Box 3277, Term- 
inal Annex, Los Angeles, Calif 
Wallace & > Co., 
Belleville 9, N. 


and St., 


Inc., 


CHLORINATORS 


(See also Hypochlorinators) 


Amer. Water Softener Co., Phila- 
a a. 


Fischer & Porter Co., Hatboro, Pa. 
H. D. Fowler Co., Inc., 901 Lane 
St.. P. O. Box 8084, Seattle, 


Wash. 
Infileo, Inc., 325 W. 25th PIl., Chi- 
cago, Til. 
™— Ar’ —y wy: Cerp., 222 
Adams ae ne é, tl. 
Roy Co., 29 E. Mermaid 
Philedslphia 18, Pa. 
Machine Co., 345 Harris 
, Providence 1, R. I. 
a Harris 


Inc., 


Wallace & 
Belleville 9, N. J 


CHLORINE DIOXIDE 


(See Sodium Chlorite) 


CHLORINE, LIQUID 


“a Alkali Co., Pittsburgh, 

oo 

Hooker Electrochemical Co., 9% 
Union St., Niagara Falls, N. Y. 

John Wiley Jones Co., Caledonia, 


Mathieson Chem. 


7 at Delleficid, Pittsburgh 


E. M. Sergeant Pulp & Chemica! 
Co., = 7 Dey St.. New York 


7, N. Y¥. 
Solvay Sales Div., 40 Rector St., 
New ; 


or 


CHLORINE CONTROL EQUIP- 
MENT 


(See Residual Chlorine Control) 


CHUTES, COAL, ETC. 


R. D. Cole Mfg. Co., Newnan, Ga. 
Hammond Iron Works, Warren, 


Pa. 

Jeffrey Mfg. Co., 996 N. 4th St., 
Columbus 16, -— 

Link- y Be W. Hunting 
Park Ave., oP pitladetphie 40, Pa. 
Des Moines Steel Co., 





Posey Iron Works, Inc., 560 8. 
Prince St., Lancaster, Pa. 


CLAMPS AND SLEEVES, PIPE 


James B. Clow & Sons, 201-299 
N. Talman Ave., Chicago 80, IIL 
Dresser Mfg. Co., 251 Fisher Ave., 


Bradford, Pa. 
Grinnell Co., Inc., 260 
change St., Providence, R. L 
Iowa Valve Co., Hubbell Blidg., 

Des Moines, Iowa. 
A. P. Smith Mfg. Co., 545 N. 
Arlington Ave., E. Orange, N. J. 
Warren Foundry & Pipe Co., 11 
Broadway, New York City. 


CLAMPS, BELL JOINT 


Carson-Cadillac Corp., 1221 
son St., Birmingham, Ala. 
James B. Clow & Sons, 201-299 
N. Talman Ave., Chicago 80, Ill. 
Dresser 5 Fisher 


Ave., 
W. Ex- 


Grinnel Co., » 8 
change St., Providence, R. I. 


CLAMPS, PIPE REPAIR 


James B. Clow & Sons, 
N. Talman Ave., Chicago 80, 
tL. 

Dresser Mfg. Div., 251 
Ave., Bradford, Pa. 


CLARIFIERS SEWAGE 
AND WATER 


American Well Works, 100 N. 
Broadway, Aurora, I! 

Ralph B. Carter Co., 
t., Hackensack, J. 

Chain Belt Co., 1610 W. Bruce 
St., Milwaukee 4, Wis. 


W. Ex- | 


Pin- 


201-299 | 


Fisher | 


192 Atlantic 


Dorr Co., Barry Place, Stamford, 


Conn. 

Graver Water Conditioning 
216 West 14th St., 
N.Y 


a 4 
H. D. Fowler Co., Inc., 901 Lane 
St., da 0. Box 3084, Seattle, 


Was 
a bh Co., , 240 Arch St, 
— Ine. $25 W. 26th Pl, Chi- 
16, 


Jeffrey Mfg. Co., 996 N. 4th St., 
fo. 


Co., 


Park Ave., Philadelphia 40, Pa. 

Permutit Co., 330 W. 42nd St., 
New York 18, N. Y. 

Process Engineers, Inc., 821 Mar- 
ket St., a. eg 8, Calif. 

Stuart Corp., 516 N. Charles St., 
Baltimore 1 

Walker Process Equip., Inc., 518 
Hankes Ave., Aurora, Ill. 

Yeomans Brothers Co., 1423 N. 
Dayton St., Chicago 22, IIL 

CLAY PIPE 

(See Vitrified Clay Pipe and Prod- 

ucts) 


CLEANING COMPOUNDS 


Mfg. 000 
er Bidg., Philadelphia 7, 


Pa. 
Philadelphia Quartz Co., ger 
. Sth & Chestnut a 
adelphia 6, Pa. 
Pittsburgh Plate Glass Co., Oe 
bia Chemical Division, 
at Bellefield, Pitteburgh 


40 Rector St., 
Y. 


Ave. 

13, Pa. 
Solvay Sales Div., 
New York 6, N. 
CLEANING SEWAGE MAINS 


(See Sewer Cleaning Equipment 
and ice) 


CLEANING WATER MAINS 
Flexible Underground Pipe Clean- 
ing Co., 9059 Venice Bivd., Los 
Angeles, Calif. 
Water Main Cleaning 
Church St.. New York 


e Btaee. cre, 
few York 5, N. 


Wall 


New York 11, | 





CLOROBEN 

Cloroben Corp., 115 Exchange P1., 

Jersey City, N. J. 

AL & 
MACHIN 
(See Ash & Coal 

Machinery) 


co. ASH HANDLING 
‘ERY 


Handling 


COATINGS, ACID & ALKALI- 
PROOF 


Amer. Hard Rubber Co., 
cer St., New York 13, 

Atlas Mineral Products Co., Mertz- 
town, Pa. 

Ebony Paint Manufacturing Co., 
18th and Agnes ve., 
City 1, Mo. 

Haynes Products Co., Tay Farnam 
St., Omaha 3, Neb: 

Inertol Co., Inc., 480 Freling- 
hursen Ave., Newark 5, N. J. 

Penn. Salt Mfg. Co., 
Bldg., Philadelphia 7, Pa. 

Philadelphia Quarts Co., er 

idg., 6th & Chestnut Sts., 
Philadelphia 6, Pa. 

COATINGS AND LININGS 

(See Bituminous Coatings and 
Linings) 


cote \ eee Meter, Corporation, 
te. 


Crane Co., 836 S. Michigan Ave., 
Chicago, Il. 

Ford Meter Box Co., Wabash, Ind. 

Glauber Brass, Inc., Kinsman, 


10 
Hays Mfg. Co., 12th & Liberty 


Sts., ie, Pa. 
Mueller Co., 512 W. Cerro Gordo, 
Decatu 1. 


.- ra 
Welsbach Corp., 1500 Walnut 8t., 
Philadelphia 2, Pa. 


COLLECTORS (Sludge) 
(See Sludge Collectors) 
commuareen: SE INDICATORS 
ND RECORDERS 
come es Co., 1072 Ivanhoe 
Rd., Cleveland, Ohio. 


Permutit Co., 380 W. 42nd St., 
New York 18, N.Y. 


COMMINUTORS 
(See Grinders also) 
Chicago Pump Co., 2349 Wolfram 
St., Chicago, Il. 


COMPARATORS, COLOR 
Hellige, Inc., 3718 aesthers Bivd., 
Long Island ow. S > we 
LaMotte a Co., 
Baltimore 4, 
Phipps and Sint. nine, 303 S. 6th 
St., Richmond 5, 
Proportioneers, Ine., 
ve., Providence 1, 
A. Taylor & Co., 7300 York 
Wana, Baltimore, Md. 


Towson, 


sas Harris 


COMPOUNDS, SEWER JOINT 
Atlas 7 Prod. Co., Mertz- 


town. 
bed s. Darley & Co., 
Bivd., Chicago 12, I. 
Hydraulic Development 
Chureh St., New York City. 
Robinson Clay Product Co., 65 
W. State St., Akron, Ohio. 


COMPRESSORS, AIR 
Allis-Chalmers Mfg. Co., jase 8. 
70th a Milwaukee 1, W 
De “Laval pressor Co., Kent, ‘Ohio 
ag i Steam Turbine Co., 


N. J. 
leat Machine Co., 716 Dublin 
Ave., Columbus, 
Roots-Connersville Blower Corp., 
P. O. Box 327, Connersville, Ind. 
Standard Stoker Erie, 
Yeomans Bros. Co., 1423 N. Day- 
ton St., Chicago 22, Ill. 


CONCRETE BREAKERS 
Homelite Corp., Rapainte 
Port Chester, N. 


Ave., 


| CONCRETE HARDENER 


“wn Alkali Co., Pittsburgh, 


Dow Chemical Co. he 
a Products Co. 
St., Omaha 8, Nebr. 


| 
} 
| 
| 


CONCRETE 


| 
11 Mer- | 
> ie 
Kansas | 


1000 Widener | 





2810 Wash- | 
50 | 


Philadelphia Guests Co., Ledger 
Bidg., 6th Chestnut Sts., 
Philadelphia : Pa. 


MIXERS 

Chain Belt Co., 1600 W. Bruce 
St, Milwaukee 4, 

Jaeger Machine Co., 716 Sate 
Ave., Columbus 16, Ohio. 


CONCRETE PIPE 
Lock-Joint Pipe Co., P. O. Box 
69, East Orange, N. J. 
Preload Corp., 211 E. 37th St., 
New York i6, N. Y. 


CONDENSERS (Steam) 
Allis-Chalmers Mfg. Co., 
70th St., Milwaukee 1, 
Blackburn-Smith Mfg. Co., Inc., 
95 River St., Hoboken, N. J. 
Westinghouse Elec. Corp., Pitts- 
burgh 30, Pa. 


1192 
Wis. 





s. | 


CONTRACTORS (Water & Sewage | 
Works) 


Cement Gun Co., P. O. Box 424, 
Allentown, Pa. 
as eons Iron Works, 


a & Bowler, Inc., 
Hollywood Sta., 


211 


Swuart Corp., 516 N. Charles St., 
Baltimore 1, Md. 


CONTROLLERS, FLOW, 
PRESSURE, TEMPERA 
B/W Controller Corp., 2206 E. 

Maple Rd., Birmingham, Mich. 
Bailey Meter Co., 1072 Ivanhoe 
Rd., Cleveland 10, Ohio. 
Builders - Providence, Jn. 345 
Harris Ave., Providence 1, R. - 
Clark troller Co. “1146 
162nd St Cleveland 10, Ohio. 
Graver Water Conditioning oi 
216 West 14th St., New York 1 


H. D. Fowler Co., Inc., 901 Lane 
.. P. O. Box 3084, Seattle 


Posters Co., Neponset Ave., Fox- 
ass. 
Heals Raft Co. 


Warren, 
E. 87th St, 


LEVEL, 
TURE 


& Stevens Inst., 4445 N. 
E. Glissen, Portland, Ore. 
Lumenite Electronic Co., 407 So. 
Dearborn, Chicago, Ill. 
Roberts Filter Mfg. 


Pa. 
Ross Valve Mas. Ca. P. 0. Box 


595, Troy, ‘ 
Simplex Valve & Meter Co., 6743 
Upland St., Philadelphia, Pa. 
R. W. Sparling, Box 3277, 
Annex, Los Angeles, Calif. 


| 
Box 215, | 
Memphis §&, | 


| 
| 
| 


| 
| 
| 


| 
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H._D. Fowler Co 901 Lane 
St., P. O. 


Be ox Meee, Seattle, 
Wash. 
Mueller Co., 512 W. Cerro Gordo 
tur 70, Til. 
Co 2nd & 


St. 
Sonken-Galamba . 
Riverview, Kansas City 18, Kan. 


CORROSION SUPPRESSION 
Calgon, Inc., Hagan Bldg., Pitts- 


urgh, Pa. 
Electro Rust-Proofing Co., 29 W. 
Apple St., Dayton, Ohio. 
Federal Telephone and Radio Co., 
Newark 1, J. 
Stuart Corp., bi | N. Charles St., 


Baltimore L 
wereee & Tiernan, Belleville 9, 


Comes ares & CONNECTIONS, 


James P. Clow & Sons, 201-299 
N. Talman Ave., Chicago 80, Ill. 

Dresser Mfg. ag 251 Fisher Ave., 
a 
D. Fowler ¢ Co., Inc., 901 Lane 
st. Re O. Box 3084, Seattle, 

Glaeber Inc., Kinsman, 
Ohio. 

Grinnell Co., Inc., 260 W. Ex- 
change St., Providence, R. I. 

Hays Mfg. Co., 12th & Liberty 
Sts., Erie, Pa. 

Mueller Co., 512 W. Cerro Gordo 

St., Decatur 70, IL 


Brass, 


COUPLINGS, FLEXIBLE 
Chain Belt Co., 1600 W. Bruce St., 
Milwaukee Wis. 
James B. Clow & Sons, 201-299 
N. Talman Ave., Chicago 80, 
Jeffrey Mfg. Co., 996 N. 4th St., 
Columbus 4, Ohio. 
Link- ~ Co., 2045 W. Hunting 
Park Ave., Philadelphia 40, Pa. 


| COVERS, HANDHOLE, MAN- 
HOLE, SAMPLING 
Clow & Sons, 201-299 
N. Talman Ave., Chicago 80, Ill. 
Warren Fdry. & Pipe Corp., 11 
Broadway, New York, N. Y. 


CULVERT ge ggg 
W. S. Darley & Co., Ay 
ington Blvd. Chicago. i, 
WwW. H. Stewart, 1051 _7-s 
. Syracuse, ae 


James B. 


| CULVERT PIPE 


Co., Darby, | 


CONVEYORS AND CONVEYING 


EQUIPMENT 
Chain Belt Co., 1600 W. Bruce St., 
Milwaukee 4, W 
Corp. "4079 E. 116th St., 
Cleveland 5 


2045 W. 
rk Ave., Phiedephie. 10. 
Ques ae bay oe Harris 
ate ee R. I 
wt Corp 8h B16. N. Charles St., 
Md. 


| coreae, ap —, BRO. 





NZE 
Co., Waterbury, 
= 
Glauber Brass Inc., 
Hays Mfg. Co., Erie, Pa. 


COPPERAS (Sulfate of ae 


E. M. Sergeant & Chemical 
: Go, ee 7 Dey St., New York 


COPPER SULFATE 
General Chemical Div., 40 Rector 
St., New York 6, N. Y. 


Phelps Dodge . ps ee 
St. yell h N. 

Sergeant + & ; Chemical 

New York 


E. M. 
ae hs Ine., 7 Dey 
Terineaaee Cor Corp., 619 Grant Bidg., 


COPPER TUBE 
American Brass Co., Waterbury, 
Conn. 


Ww. & 8S. W.— 


Kinsman, | 


| 





(See Pipe, Culvert) 
CURB BOXES 
Co., 386 Fourth 
City. 
Ss 8. Michigan Ave. 
fg. ‘Co. 12th & Liberty 
W. Clark Co., Mattoon, I 
Co., 


‘elsbach wig . _— St., 
Philadelphia 2. 
CURB STOPS 


its., 
Mueller Co., 512 W. Cerro Gordo 
Decatur 70 


St., , 
A. P. Smith Mfg. Co., 545 N. Arl- 
ington Ave., Orange, N. J. 


DECHLORINATING EQUIPMENT 
AND CHEMICALS 
American Water patemer Co., 


83, 
ipment Co., P. O. 
inal Annex, Los 


Box fag 
, Calif. 
. Co., 214 W. Huron 


Angeles 1 
St., Chi Til. 

Chem: Co., 40 Rector 
St., New York, 


N. Y. 
Infileo, Ine., = W. 25th Place, 
Chicago 16, Ill. 
ns 3 w. 
Adams St., Chicago 6, 
Inc., 345 Tlarris 
Ave., i,k L 


REFERENCE & DaTA — 1950 





R-4 
Wallace & Tiernan Co., Ine., 
Belleville 9, N. J. 


DE-MINERALIZATION (Water) 

Amer. Water Softener Co., Phila- 
delphia 338, Pa. 

Chem. Equipment Co., P. O. Box 
3 Term. Annex, Los Angeles 
54, Calif. 

Dorr Co., Barry Place, Stamford, 
Conn. Co 


Graver Water Conditioning 
216 West 14th St., New York 11, 


N. Y. 
Infileo, Ine.. 3256 W. 25th Place, 
Chicago 16, Ill. 


joning Corp., 114 
Linden, N. J. 
Co., 330 W. 42nd &t., 
New York 18, N. Y. 


DIAPHRAGM, PUMP 
(See Pumps, Diaphragm) 


DIATOMITE FILTER SEPTUMS 
ae ay Co., a ee 
, Perth Amboy, N. J. 


DIESEL ENGINES 
(See Engines, Diesel) 


DIFFUSERS—PLATES & TUBES 


wipment, Ine., 
618 Hankes Ave., Aurora, Til. 


ESTER EQUIPMENT 
or 
ae s, 198 Atlantic 


. Chieago 18, 
oy Co, Barry Piece, Stamford, 
Conn. 
) Graver Water Conditioning Co., 
216 West 14th St., New York 11, 


we 
= “we Co., 240 Arch St., York, 
a. 
Inc., 325 W. 25th Place, 
6, 


Flush Tank Co., 4241 
Ravenswood Ave., Chicago 14, 
mH. 

Stuart Corp., 516 N. Charles 5St.. 
Baltimore Md. 
Walker Process Equip., Inc., 518 
Hankes Ave. Aurora. mM. 
Yeomans ws Co., 1423 N. 
Dayton St., Chicago 22, Il. 


DISTRIBUTORS (Sewage Filter) 
.—- Well Works, 100 N. 
roadway, Aurora, Ill. 
- maish B. Carter Co.. 192 Atlantic 
kensack. 


8t., 
Dorr Co., Barry Place, Stamford, 


Conn, 
H. D. wy Co, Ine., 901 Lane 
LS P. 0. Box 8084, Seattle, 


Intion Inc., 325 W. 25th Place, 

Lakeside Engr. Corp. 222 
Adame &t.. Chicago 6, Ill. 

Pacifie Flush Tank Co. 4241 
Ravenswood Ave., Chicago 13, 

Stuart Corp., 516 N. Charles St. 
Baltimore 1, Md. 

Walker Process Equip., jee. 518 

1428 N. 


Hankes Ave.. Auge. 
Yeomans n Co., 
Dayton St., Chicago 22, Il. 
DRAINS, GUTTER, FLOOR 
a ~ Clay Co., 
James i. Chae Co., we! = Tal- 
at Mfg. Co., Teen bat bataete st, 
Cleveland 13, Ohio. “ 


Robinson Clay Products Co., 
W. State St, Akron, Ohio. 


DRILLING & BORING 
EQUIPMENT 
Bucyrus-Erie Co., South Milwae- 


eee oh, ES 


w.&5 





. W.— Rererence & DATA 


DRIVES, CHAIN 
(See Chains) 


DRIVES, RIGHT — GEAR 
Link-Belt Co., 2045 Hunting 
Park Py Philetelphie 40, Pa. 
Payne Dean Co., Madison, Conn. 


DRIVES, V-BELT 
Allis-Chalmers M oy, am So. 
70th St., Milwatkes 
DRY CHEMICAL FEEDERS 
(See Chemical Feeding Equipment) 


DRYERS, ROTARY 
Allis-Chalmers Mfg. Co., 
70th St., sex ~ A, 
Transportation 
Corp., 16" E 4 49th St., New York 


17, Y. 
Hardinge Co., Ine., 240 Arch St., 
York, Pa. 


Link-Belt Co., 2045 Hunting Park 
Ave., Philadelphia 40, Pa. 


DRYING SYSTEMS (Sludge) 
Dorr Co., Barry Place, Stamford, 


Conn. 
Gen. Amer. Transp. Co., 10 E. 
49th St.. New York 17, N. ¥. 
Morse Boulver Destructor Co., 
E. 42nd St., New oe 17, wr. 
Nichols Engr. & Res. 
Wall Tower, New You. : 


1192 8. 
Wis. 


EARTH BORING TOOLS 
ay Corp.. Ltd., 681 Mar- 
, San Francisco 5, Calif. 


EARTH MOVING EQUIPMENT 
Byerven Bete Co., South Milwau- 


Frank b “nough © Co., 752 Seens- 
side Ave., Libertyville, Ill. 


a Ay wna A or 
STEAM (For Sewage and Sludge) 
ee ae Mfe. Ce F rome 
5 River Hoboken 
Ralph RC A. Co.. 198 "Adlentte 
St.. Hackensack, N. 
Chicago Pump a 3348 Wolfram 
St., Chicago 18, Ti. 
Graver Water Diattiutne Co., 
216 West 14th St., New York 11, 


N. Y. 
he Fowler >. ae, 901 Lane 
Seattle. 
at. Tron works “Ine. 560 So. 
ince St., Lancaster, Pa. 
Westinghouse Elect. Corp., Pitts- 
burgh 30. Pa. 
Yeomans Pros. Co.. 1423 N. Day- 
ton St., Chicago 22, Ti) 


EI FPCTRICAT. CONTROL 
EQUIPMENT 
. 1192 8. 
ie. 


Dearborn St. "Chicago. ‘m. 
Westirehons- Electric Corp.. Pitts- 
bareh 30, Pa. 

ELFPCTRICAT! TY OPERATED 

GATE VALVES 

(See Valves, Motor Operated) 


ELFVAT'NG AND CONVEYING 
EQUIPMENT 
(See Convevors & Conveying 
Equipment) 
ENGINE-GENERATOR UNIT 
Allle-Chalmers Mfe. Co.. 1192 8. 
70th St.. Milwaukee, bs 
t. Ohic 
sie “wash. 


Co. go Ss. 
Michiean Ave., Chicaeo 5, TM. 
Corp.., Riverdale Ave.. 


Pairbanks, Morse & Co, 
Michigan Ave. Chicago 6, TI. 


1950 


| ENGINES, DUAL FUEL 


| 
| 
| 
| 





fg. Co., 1192 8. 

ce, Wis. 
Process Engi ine., 821 Mar- 
ket St.. San Francisco 3, Calif. 


ENGINES (Gas & Gasoline) 
Allis-Chalmers Mfg. Co., ques 8. 
70th St., Milwaukee 1, 
Process Engineers, Inc., ot Miar- 
ket St., San Francisco 3, Calif. 
Fairbanks, Morse Co., 600 8S. 
Michigan Ave., Chicago. 6, ™. 


ENGINES, SLUDGE GAS 
Allis Chalmers Mfg. Co.. 1192 S. 
70th St., Milwaukee, Wis. 
neers, Inc., 821 Mar- 
ket St., San Franciseo 3, Calif. 


EXPANSION JOINTS—PIPE 
(See Joints—Expansion, Pipe) 


EXHAUSTERS, AIR 
(See Pump, Vacuum) 


FANS, EXHAUST AND 
VENTILATING 
Draceo Corp., 4079 E. 

Cleveland 5, O. 
Jeffrey Mfe. Co., 996 N. 4th St.. 
Columbus 16, Ohio. 
Westinghouse Electrie Corp., Pitts- 
burgh 30, Pa. 


116th St., 


FEED, CHEMICAL 
(See Chemica! Feeding Equipment) 


PEED WATER FILTERS 
Blackburn-Smith Mfe. Co., Ine.. 
Hoboken, N. J. 


iver 
Chemical Eouipment Co, P.O. 
Box 3098, Terminal Annex, Les 
Angeles 54, Calif. 
Everson Filter Service Co., 
. Huron St., Chicago, Ill. 
Graver Water Conditioning Co., 
216 om 14th St., New York 11, 


Harding oe. Ine., 240 Arch St., 


Vork, 
Infileo, oe 325 W. 25th Pl.. Chi- 
cago 16, Til. 


Ave., Providenee 1, R. I. 
Roberts Filter Mfg. Co., Darby, 


Pa. 
Ross Valve Mfg. Co., P. O. Box 
595, Troy, N. Y. 
FEED WATER HEATERS 
Bleckburn-Smith Mfe. Co., Inc., 
95 River St.. Hoboken. N. J. 


Graver Water Conditioning Co., 
216 West 14th St.. New York 11, 


N. Y. 

Permutit Co. 380 W. 42nd St., 
New York 7. N. Y. 

Westin Elect. Corp., Pitts- 
burgh 30, Pa. 


FERRIC CHLORIDE 
Dow Chemica) Co.. eaiend, Mich. 
Jordan Co., Sist St. Merrimac 
Ave., Chicago, Tl. 
Penn. Salt Mfz. Co, W 
Pitg., Philadelphia 7, Pa. 
(Liquid) 


FERRIC CHLORIDE FEEDERS 


(See Chemical Feed ne Propor- 
tioning Equipment) 


FERRIC SULFATE 
Tennessce Corp.. 619 Grant Bidg., 
Atlanta, Ga. 


FIBRE PIPE 
(See Pipe, Fibre) 


FILTER ALUM 
Activated Alum a | Bk 516 
i Charles 5t., 1, 
General Chemical Co. 
St.. New York 
ne Salt Mfe. 


Idg.. Philadetvhia 
Stuart Corp... 516 N. 
Baltimore 1, Md. 


FILTERING EQUIPMENT 


irc 
Widener 


Pa. 
Charles St., 





. ae Co., Inc., 901 Lane 
P. Box Seattle. 


rtation 


Transpo 
rte ¥ 10 ‘ {oth St., New York 


Graver Water Conditioning Co., 
216 West 14th St., New York 11 


Hardinge Co., Inc., 240 Arch St., 
York, Pa. 

Infileo, Inc., 325 W. 25th Pl., 
cago 16, f 

Lakeside Engineering Corp. 


Chi- 


Proportioneers, . $45 Harris 
Ave., Providence 1, R. 
Filter Mfg. Co., 

Pa. 
Stuart Corp., =. Charles St 


Baltimore | b 
Mach. Corp., 111 
_N.Y 


“Darby 


U. 8. Hoffman 
Fourth Ave., New York 3 


Dayton St., Chicago 22, mi. 


FILTER PLATES AND TUBES 

Carborundum Co., Refractories 
Div., Perth Amboy. J. 

Graver Water Conditioning Co., 
216 West 14th St., New York 11, 
N. Y. 

H. D. Fowler Co., Ine., 
st. P. 


.. 901 Lane 
0. Box 3084, 


Seattle, 


FILTER RATE CONTROLLERS 
& GAGES 
(See Rate Controllers.) 


FILTER SAND & GRAVEL 
ntin. Inc., 325 W. 25th Place, 


mm 
Stuart Corp., 516 N. Charles St., 
Baltimore 1, Md. 


FILTER Seaeneasmes, 
SEWAG 

Amer. On Softener Co., 

delphia Pa. 
American Well Works, 100 N 

B y. Aurora, Ii. 
Co., oe 

Div., Perth Amboy, N. J 
Graver Water Conditioning Co., 
216 West 14th St., New York 11, 


* 4 
— “+ 325 W. 25th Place, 
Chieago 16, Ill. 


Lakeside * +e . 
W. Adams > Chicago 6, ml. 
Robinson ts 
W. State st. Akron, ‘Ohio. 


FILTER UNDERDRAINS, 
WATER 


Phila- 


Amer. Well Works, 100 N. Broad- 
way, Aurora, Ill. 
a 1 ~ Clay Co., 


Brazil, Ind. 
Co., Niagara Falls. 


me Fe 
Cast Iron Pipe Research Assn., 
oe S. Michigan Ave., Chicago, 


Everson Filter Service o , 114 Ww. 
ys St., Chieago, Tl! 

Gra Water Conditioning Co., 

216 \ West 14th St., New York 11 


H. D. Fowler Co., Inc., 901 Lane 
St. P. O. Box 3084, Seattle, 


Infileo, Inc., 325 W. 26th Place, 
Ch n. 


Chicago z, 
. 42nd St., 


FILTER WASH CONTROL 
Everson Filter Service Co., 214 
W. Huron St., Chicago, . 

Graver Water Conditioning 

Fd West 14th St., New York 11 11, 


Y. 
Hardinge Co., Inc., 240 Arch St., 
York, Pa. 





222 
Il 


Lakeside Engineering Corp.., 
W. Adams St., Chicago 6, 


FITTINGS, PIPE, SOLDER TYPE 
American Brass Cé., Waterbury, 
Conn. 
Cast Iron Pipe Research Assoc., | 
ie » Michigan Ave., Chicago 
on Co., 836 S. Michigan Ave., 
Chicago 5, Tl. 
Dresser Mfg. Div., 251 Fisher Ave., | 
Bradford, Pa. | 
Grinnell Co., Inc., 240 W. Ex- | 
change St., Providence 1, R. I 
Hays Mfg. Co., Erie, Pa. | 
M. & H. Valve & Fittings Co., | 
P. O. Box 909, Anniston, Ala | 
Robinson Clay Products Co., 65 | 
W. State St., Akron, Ohio. | 
Sonken-Galamba Corp., 2nd & 
Riverview, Kansas City 18, Kan 
Warren Fdry & Pipe Corp., 11 
Broadway. New York, N 
R. . Wood Co., Public 
Bide., Independence Sq., Ph 
delphia 5, 


Pa. 
FITTINGS, TEES, ELLS, ETC. 
Albert Pipe Supply Co., Inc 
Berry and N. 13th St., Brooklyn 
11, 
American Cast 
Birmingham, Ala 
James B. Clow & Sons, 
N. Talman Ave., Chicago 
TH. 
Crane Co., 


Leiger 
ila 


Iron Pipe Co., 
201-299 


80, 


836 S. Michigan Ave., 


251 Fisher 


Kinsman 


Inc., 260 W. Ex- 
change St., Providence, R. I 
Hays Mfg. Co., Erie, Pa. 

M H Valve @& Fittings Co., 
P. O. Box 909, Anniston, Ala. 
U. S&S. Pipe & Foundry Co., Bur- 

lington, N. 
Warren Foundry & Pipe Corp., 11 
Broadway, New York City. 
R. Bite. Wood Co., Public Ledger 
he Independence Square, 
Philedelphia, Pa. 


Grinnell Co., 


FLASH MIXING EQUIPMENT 
(See Mixers & Mixing Equipment) 


FLEXIBLE JOINTS 
(See Joints, Flexible Pipe.) 


FLOATING COVERS (Digester) 
Ralph B. Carter, 192 Atlantic St., 
Hackensack, N. J. 
Chicago Bridge & Iron Co., 332 
S. Michigan Ave., Chicago 4, 


™m. 
Pacific Flush Tank Co., 4241 
Ravenswood Ave., Chicago 153, 


Tm. 
Preload Corp., 211 E. 87th St., 
New York 16, N. Y. 
Walker Process Eaquip., 518 
Hankes Ave., Aurora, 


Ine., 
TM. 


FLOC PRODUCERS 
Alhydro, Inc., 516 N. Charles St 
Baltimore 1, Md. 


FLOCCULATING EQUIPMENT 
Amer. Water Softener Co., Phila- 
delphia 33, Pa. 
Works, N 


American Well 100 
Broadway. Aurora, iil. 

Chicago Pump Co., 2349 Wolfram 
St., Chicago, Ill. 

Dorr Co., Barry Place, Stamford, 
Conn. 

Graver Water Conditioning Co., 
216 West 14th St., New York 11, 


RA 
Hardinge Co., Inc., 240 Arch St., 


‘o a. 
Infileo, Inc., 825 W. 25th Place, 
Chicago 16, Ill. 
Jeffrey Mfg. . 4th 8t., 
lumbus 16, 
Lakeside heyy ag Corp 


New York 18, N. Y. 
Process Engineers, Inc., 821 Mar- 
ket St., San Francisco 3, Calif. 


| FLOOR 





Proportioneers, Inc., 345 Harris 
Ave., Providence 1, R. L 

aborts Filter Mfg. Co., Darby, 

Stuart Corp., 516 N. Charles St., | 
Baltimore, Md. 


Walker Process Equip., Inc., 518 
Hankes Ave., Aurora, J!) 

Yeomans Bros. Co., 1423 N. Day- 
ton St., Chicago 22, Til 


STANDS 
American Car & Fdy. 
Church St., New York 
James B. Clow & Sons, 201-299 
N. Talman Ave., Chicago, Il. 
Crane Co., 836 S. Michigan Ave., 
Chicago. Til. 
Darling Valve Co., 
Pa. 
Kennedy 
LY 


Co., 30 
&, N.Y 


Williamsport, 


Valve Mfg. Co., Elmira, 
Iowa Valve Co., Oskaloosa, Iowa 
F. B. Leopold Co., 2413 W. Car- 
son St., Pittsburgh 4. Pa 
& H Valve & Fittings Co., 
P. O. Box 909, Anniston, Ala 
Rensselaer Valve Co., Troy, N. ¥ 
- P, Smith Mfz. Co., 645 N. 
Arlington Ave., F. Orange, N. J. 
D. Wood Co., Public Leder 
Bidg., Independence Square 
Philadelphia, Pa 


FLOW METERS 

Bailey Meter Co., 1072 Ivenhoe 
Rd., Cleveland 10, Ohio. 

Bethlehem Fdry. & Machine Co., 
Bethlehem, Pa 

Builders - Providence, Inc., 
Harris Ave.. Providence 1, R 

Fischer & Porter Co., Hatboro, 


Pa. 

H. D. Fowler Co., 
St.. P. O. Box 
Wash. 

hageete 


, 


845 


901 Lane 
Seattle. 


Ine.., 
3084, 
Engineering Corp., 222 
Adams St., Chicago 6, Ill 
& Stevens Inst 4445 
E. Glissen, Portland. Ore. 
Simplex Valve ‘& Meter Co., 6743 
Unland St., Philadelphia 42, Pa 
. W. Sparling, Box 3277, Term 
Annex, Los Angeles, Calif. 


le upol | 
N 


FLOW RECORDERS 
(See Rate of Flow Recorders) 


FLOW REGULATORS 
(See Rate of Flow Controllers) 


FLOW TUBES 


Bethlehem Fadry. 
Bethlehem, Pa. 


& Mach. Co., 


FLUMES, IRON & STEEL 
R. D. Cole Mfg. Co.. Newnan, Ga. 
Simplex Valve & Meter Co.. 6743 
Upland St., Philadelphia 42, Pa. 


FOOT VALVE WITH STRAINER | 


(See Valves, Foot) 


FORMS & GASKETS FOR 
PIPE JOINTS 
L. A. Weston, Adams, Mass. 
FURNACES. MET.TING. — 
ING LADLES,. POTS, 


Atlas gy Products bege ieee. | 
a 


town, " 
W. S. Dartey & Co., 2810 Wash- 
ington Bivd., Chicaco 12, Til. 
James B. Clow & Sons, 201-299 
N. Talman Ave., Chicaco 80, Il. 
Hydraulic Development Corp., 50 
Church St., New York City. 
Michael Hayman & Co., Inc., 870 
E. Ferry St.. Buffalo, N. Y. 
Mueller Co.. 512 W. Cerro Gordo 
St.. Decatur 70, Ill. 
Northrop & Co., Inc., 
ley. N. 


R-S Products Corp., Wayne June- 
| 


tion, Philadelphia 44, Pa. 


GAGES rau Level, Pressure 


Recording 


Bailey Meter Co., 
Rd., Cleveland 10, 

Builders - Providence, 345 
Harris Ave., Providence 1. R. I. 

W. S. Darley & Co., 2810 Wash- 
ington Bivd., Chicago 12, Ti. 

Everson Mfg. Co., 214 W. Huron 
St.. Chicago. Til. 

Foxboro Co., Neponset Ave., Fox- 


. es. 
Infileo, Inc.. 325 W. 25th Place, 
Chicago 16, TIL. 
Lakeside Engineering Corp., 222 
W. Adams St., Chicaro 6, TI. 
Leuvold & Stevens Inst.. 
&. Glissen, Portland, Ore. 


ao Ivanhoe 


Spring Va)- 


Simplex Valve & Meter Co., 6743 
Upland St., Philadelphia, Pa. 
Williams Gauge Co., 1620 Penn 

Ave., Pittsburgh 12, Pa. 


GARBAGE GRINDERS 
(See Grinders) 


GAS DIFFUSERS 
Carborundum Co., 
Div., Perth Amboy, N. J. 
Walker Process Equip., Inc., 
Hankes Ave., Aurora, III 


Refractories 


518 


GAS ENGINES 
(See Engines, Gas & Gasoline) 


GAS HOLDERS 
American Well Works, 
Broadway. Aurora, I! 
Chicago Bridge & Iron Company, 
332 S. Michigan Ave., Chicago, 


100 N 


TH. 
R. D. Cole Mfg. Co.. Newnan, Ga. 
General Amer. Transportation 
Corp., 10 E. 49th St., New York 
17, N. Y. 
Infileo, Inc., 325 W. 
Chicago 16, Tl 
Pacific Flush Tank Co., 
Ravenswood Ave., Chicago 
™ 


25th Place, 


4241 
13, 


Pittsburgh-Des Moines Steel Co., 
Neville Island, Pittsburgh 25. 
Pa. 

Wa'ker Process 518 
Hankes Ave., 


Eaquip., Ine., 
Aurora, Til. 


GAS INMPICATORS AND 
DETECTORS 
Pomel Co., 

New York 18. 
Phiops and Bird, Ine.. 
St., Richmond 5, Va 


42nd St., 
803 S. 6th 


320 «(W. 


| GATES, SHEAR 


Chaoman Valve 
Hampshire St., 


Mfe. Co., 203 
Indian Orchard, 


Mass 
Towa Valve Co., Oskaloosa, Towa 
Lekeside Engineerine Corp.. 
W. Atams St.. Chicaeo 6, TI. 
M x H Valve & Fittings Co., 
0. Box 909, Anniston, Ala. 


GATES, SLUICE 
828 S. Michigan Ave.. 
Chicago 5. IN 


Chanman Valve Mfe Co., 208 
 - an ged St., Indian Orchard, 


Crane Co., 


Milwaukee 


Ma 
Filer and Stowell Co., 


901 Lane 
Seattle, 


Co., Ine.. 
Box 3084, 


Towa Valve Co.. Oskalooaa. Towa. 

S. Morran Smith Co.. York, Pa. 

Stvart Corp., 514 N. Charles St., 
Baltimore 1, Md. 


H a Fowler 
one, DB 
Wash 


| GATE VALVE OPERATOR 

Darline Valve and Mfg. Co.. 

| Williamsport, Pa. 

Fd4yv Valve Co.. Weterford, N. Y. 

Infileo, Ine.. 395 W. 25th Place. 
Chicreo 16, TM. 

we Dean & Co.. Madison, Conn. 
. P. Smith Mfe. Co.. 545 N. 


atin Ave., E. Orange, N. J. 


GATE VALVES 
(See Valves, Gate) 


GEARS, SPEED REDUCING 
Allis-Chalmers Mfg. Co.. 1192 S. 
70th St., Milwaukee, Wis. 
De Laval a Turbine Co., 


Trenton, N. J. 
Link-Relt Co.. 2045 W. Hunting 
Park Ave., Philadelphia, Pa. 
Westinehouse Elec. Corp., Pitts- 
burgh 30, Pa. 


GEIGER COUNTERS 
The Detectron Co.. 5637 Cahvenea 
Bivd., North Hollywood, Calif. 


| GENERATORS 


Allis-Chalmers Mfe. Co.. 1192 8. 
70th St.. Milwaukee. Wis. 
Growwat Electric Co., Schenectady, 


Y. 
West a og Bice. Corp., Pitts- 
borgh 396, 





WwW. &8 


| 
| 
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omen eres SETS, GAS & 
DIESEL ENGINES 
(See Engine Generating Units) 


GOOSENECKS 
James B. Clow & Sons, 201-299 
N. Talman Ave., Chicago 980, 
n. 
Glauber Brass, 
Ohio 
Grinnell Co., 
change St., Providence, R. 
Hays Mfg. Co., 12th & Liberty 
Sts., Erie, Pa. 
Mueller Co., 512 W. Cerro Gordo 
Decatur 70, Ill. 
A. %. Smith Mfg. Co., 545 N. 
Arlington Ave., E. Orange, N. J. 


Ine., Kinsman, 


Inc., 260 .> Ex- 


GREASE INTERCEPTORS 
Josam Mfg. Co., 1302 Ontario St., 
Cleveland 13, Ohio. 


GREEN SAND (Zeolite) 
Amer. Water | pees Co., Phila- 


delphia 33, 
Infileo, Inc., 325 W. 25th Place, 
222 


Chicago 16, Til 
Lakeside Engineering Corp., 
W. Adams St., Chicago 6, Ill. 
Permutit Co., #30 Ww. 42nd St., 
New York 18, 
Roberts Filter Mite Co., Darby, 


Pa. 
Zeolite egg oe. 140 Cedar, 


New York 6 


GRINDERS, GARBAGE & 

SCREENINGS 

Amer. Well Works, 100 N. Broad- 
way, Aurora, 

Ralph B. Carter Co., 63 Park Pl., 
New York City. 

Chain Belt Co., 1600 W. Bruce St., 
Milwaukee 4, Wis. 

Dorr Co., Barry Place, Stamford, 


Conn, 
General Electric Co. (household), 


epo' Conn. 
Infileo, +" 825 W. 25th Place, 
Chicago nL 
Jeffrey Mf tn Co., 996 N. 4th St., 
Columbus 16, Ohio. 
Westinghouse Elect. Corp. (house- 
hold), Pittsburgh, Pa. 


GRIT Ar EQUIPMENT & 
GRIT WASHE 
American ag Works, 100 N. 
Broadway, Aurora. III. 
Chain Relt Co., 1600 W. Bruce 
St., Milwaukee 4, W 
ber “ag Pump Co., 2349 “Wolfram 
. Chicago 18, Til. 
Dorr’ . Barry Place, Stamford, 


Infllen” a 3256 W. 25th Place, 
Chicago 


2045 W. Hunting 
N. Charles St. 


. 518 
Hankes Ave., Aurora, 


GROUND KEY STOPS 
Cope Co., 836 8S. Michigan Ave., 


* 


Inc., Kinsman, 


. Co., 12th & Liberty 
its., Erie, Pa. 
Mueller Co., 7 W. Cerro Gordo 
St., Decatur 70, Til. 
A. P. Smith Mfg. Co., a N, Arl- 
ineton Ave., J. 


N. 
Welsbach Corp. 1500 Walnut St., 
Philadelphia Pa. 


GUNITING CONTRACTING 
Cement Gun Co., P. 0. Box 424, 
Allentown, Pa. 


HEATERS, DIGESTER 
aay hangs Barry Place, Stamford, 


Pacific” Flush Tank Co., 4241 
ppreawaaes Ave., Chicago 13, 


Welker Process Equiv. Co., 518 
Hankes Ave., Aurora, Til. 


HOSE. STEAM, AIR, WATER. 
SUCTION 
American Brass Co., Waterbury, 
Conn. 
W. S. Darley & Co., 2810 Wash- 
ington Bivd., Chicago 12, TI. 


- REFERENCE & DATA — 1950 
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HYDRANT PUMPS } 
(See Pumps, Hydrant) 


HYDRANTS (Fire) 
Chapman Valve Mfg. Co., Indian 
Orchard, Mass. | 
Crane Co., 836 S, Michigan Ave., 
Ch 5, T. 
Oagees Valve Co., Williamsport, 
a. 
Valve Co., Waterford, N. Y 
. Fowler Go., Ine., 901 Lane 
St. P. O. Box 38084, Seattle, 
Wash. 


Iowa Valve Co., Oskaloosa, lows. 
Kennedy Valve Mfg. Co., Elmira, 


Ludlow Valve Mfg. Co. Troy, 
j Fittings Co., 
la. 


HYDRAULICALLY OPERATED 
GATE VALVES 
(See Valves, Gate) 


HYDROGEN ION EQUIPMENT 
(See pH Test Equipment) 


MEPO-CHLORINATORS 
a Philde Water Softener Co., 
e 38, Pa. 
t Co, P.O. 
—— Annex, Los 
4 —_ 214 W. 


Huron St., Chicago, Ill. 
@ Porter Co., Hatboro, Pa. 
ver Water Conditioning Co., 
ope rest 14th St., New York 11, 


Hi. D. Fowler Co., Inc., 901 Lane 
St. P. O. Box 8084, Seattle, 





INSULATION 


Johns-Manville, 22 E. 40th St., | 


New York City. 
— Gypsum Co. Buffalo, 


IRON SULFATE 
(See Ferric Sulfate, or Ferrous 
Sulfate) 


JOINTING COMPOUND AND 

MATERIALS 

Atlas Mineral Prod. Co., Mertz- 
town, Pa. 

Crane Co., 836 8. Michigan Ave., 
Ch 5, Ti. 

w. 8. & Co., 2810 Wash- 
ington Blvd, Ci 12, Ti. 


2 Clay Products Co., 
W. State St. Akron, Ohio. 
JOINTS, EXPANSION—PIPE 


James B. Clow & Sons, 201-299 
N. Talman Ave, Chicago 80, 


Crane Co, 836 S. Michigan Ave., 
Dresser Mfg. Div., 251 Fisher Ave., 
Bradford, Ps. 


itt, Bast Oranee, WO 
Warren Foundry & 11 
Broadway, New ‘York City.” 


JO MECHANICAL, 
FLEXIBLE 

Amer. Brass Co., Waterbury, 
Conn. 


Cadillac Corp., = Pin- 
son St. Ly a 
=" % Fourth 


, 
251 Fisher 


ve. 
Lock Joint Pipe Co., P. 0. Box 

laste, Rant 

Warren Foundry ‘Pipe Gorp., 11 

Broadway, New York City. 


JUTE, BRAIDED AND TWISTED 
Pe Ee oak Se Mertz- 


i. AD. fowler On. Tne., 901 Lane 
St., ©. Box 38084, Seattle, 
O48 am 
Chureh St, New York © City. 

Michael Hayman & Co., Inc., 870 
Nor 4-4 3 Ine. Spring Val 


LABORATORY APPARATUS 
AND REAGENTS 
= we aor y. ye 4 
= ew le . 
Central Sctentide Co., 1700 Ir 
ine Park Rd., Chicago 13, 
— ments, . a 
Rallies Te Ine., eT) "Northern Bivd., 
Island City, N. Y. 
Klett Co., 179 E. 87th St., 
New York 28, N. ¥. 
i Chem. So, Towson 4, 
sg Teckaten! Labs., Los Ange- 


Ge., 330 W. 42nd St, 
Paice. 6 Bird i 303 S. 6th 
fope ine.. 
ga 
. Ine. 345 Harris 
Ave., . . 
W. A. Tavior & Co., 7300 York 
Rd., Baltimore, Md. 


LEAD, CAULKING 


Cieaial Qudiins & Bel. Co. 2 he 

Cotumbia, Pen 
Michael Hayman Co. 870 E. 
Ferry St., Buffalo, N. Y. 


LEAK LOCATING INSTRUMENTS 
Nee _— Leak Locating Inetro- 


LIGHTING 
Cyay Mate Co. Schenectady, 


“ere oe 
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, LIMES 


Dow Chemical Co., Midland, Mich. 
- 2A Gypsum Co., Buffalo, 


LIQUID CHLORINE 
(See Chlorine, ‘iquid) 
LOCATORS, BOX, PIPE AND 
VALVE 
W. S&S. Darley & Co., 2810 Wash- 
ington Bivd., Chicago 12, IL 
Detectron > Cahuenga 
Bivd., North Hollywood, Calif. 


Fischer Research Lab., [ne., 1961 
University Ave. Palo Alto, 

Goldak Co., 1543 W. Glenoaks 
Bivd.. Glendale 1, Calif. 


E. H. Wachs Co., 1525 Dayton St., 
Chicago 22, Il L 


MANHOLE FRAMES, noe 
. Mattoon 


Co., 201 Mi lTral- 
© ser a th 11 
Broadway. New York, N.Y. 


MANOMETERS 
Behe - Frevtiees, Inc., 2 
Harris A Providence 1, R. I. 
Graver Water Conditio a> Co., 
216 West 14th St.. New York 11, 
Infileo, ne, 825 W. 25th Place, 
Chicago 


Simplex’ ¥ Valve & Meter Co., 6743 
Upland St., Philadelphia 42. Pa. 


METER ACCESSORIES, ROXES, 
HOUSING SETTING, ETC. 
Art Concrete Works, Pasadena, 


lif. 
Clark Co., Mattoon, Til. 
low 


Ca 

H. W. 
James B. C & Sons, 201-299 
ieago 80, 


tii an Ave., 
Crane Co., 836 S. Michigan Ave., 
Chieago 5, TM. 
Ford Meter Box Co., Wit ee. Ind. 
i 3084 deat 


Oska’ 
a a od Valve "Mfe. Co., Elmira, 
Meter Specialty Co., 1382 N. 7th 
St.. Mem le in. 
Mueller Co., 512 W. Cerro Gordo 
A. P. Smith Mfg. Co., 545 N. Arl- 
E WN, J. 


Box "yee, Seattle. 

Inc., Kinsman, 

Haves Mfr. Co., 12th & Liberty 
Mestice Co., 512 W. Cerro Gordo 


" City. 
Welsbach vig 1590 Walnut St., 
Philadelphia 2, Pa. 


METER REPAIR PARTS 
Meter Soecialty Co.. 1832 N. 
Seventh St., Memphis, Tenn. 


METERS, ELECTRIC 
Genera! Electric Co., Schenectady, 


WN. Y. 
Phiops and Bird. Ine., 303 8. 6th 


Bethlehem Fdry. & Mach. Co., 
Bethlehem, Pa. 


METERS, GAS 
Fischer & Porter Co., Hatboro, Pa. 


Pittsbureh Equitable Meter Co., 
400 Lexington Ave., Pittsburgh, 


Roots-Connersville Blower Corp.. 
P. 0. Box 827, Connersville, Ind. 





METERS, HYDRAULIC TURBINES 


Simplex Valve & Meter Co., 6743 
Upland St., Philadelphia 42, Pa. 


METER TESTING EQUIPMENT 
Badger Meter Mfg. Co., 2357-71 N. 
30th St., Milwaukee 10, Wis. 
Porter 


Fischer Co., Pa. 
H. D. Fowler Co., Inc., 901 Lane 
e..?- ©. Box 3084, Seattle, 


Ford Meter Box Co., Wabash, Ind. 

—— Meter Co., 50 W. 50th 

w it.. New York City. 
i ee 


Meter Co., 


1072 Ivanhoe 


Wash. 

Foxboro Co., Neponset Ave., Fox- 
boro, Mass. 

Infileo, pe 825 W. 25th Pi., Chi- 


eago 16, Ill. 
Lakeside Engineering Corp., 


eter 
Upland 8t., Philadelphia 42, Pa. 
METERS, WATER & SEWAGE 


Memphis, Tenn. 
Meter Co. 80 W. 50th St., 
York City. 
Meter Co., 
nang Lexington Ave., Pittsburgh, 
Simplex Valve & Meter Co., » 
4 land St., has ys] 42, > 
nal ee 2 Calif. 
te ~~ 
N N. J. 
gee magne CLEANING SOLUTION 
ae SK sore Ivanhoe 
tb 
Builders - " Ine., 345 


«Harris Ave Providence 1, R. I. 
Skasol Corp., Webster Groves, Mo. 


MIXERS AND MIXING 
EQUIPMENT 
(Chemical, Water and Sewage) 
Amer. er Jetmer Co., Phila- 
American Well Works, 100 N. 
, Aurora, Ill. 
Dorr 0 Place, Stamford, 


Graver Water Conditioning Co., 
7 se 14th St., New York 11, 


Inflien —} ye W. 25th Pl. Chi- 
222 W. 


side Beare. Corp. TM. 
, SW. Carson 





Inc., Kinsman, 


ng Corp., 222 
+ Adams 8St., Chicago 6, III. 


NO-OX-ID 
Dearborn Chem. Co., 310 8. Mich- 
igan Ave., Chicago, Il. 


NOZZLES, FLOW 


ington Bivd., Chicago 12, IL 
+.— eponset Ave., Fox- 


boro, Mass. 
Infileo Inc, 325 W. 25th PI. 
6, Ti. 


Engineering Corp., 222 

ms St. Chicago 6. 6, Tl. 
Valve Meter Co., 6743 
Upland St., Philadelphia 42, Pa 


NOZZLES, SPRAY 
Chain Belt Co., wee W. Bruce St., 
ween 
8. Darley Ay: o. 2810 Wash- 
Bivd., Chicago 12, Ill. 
Graver Water Conditioning Co., 
spe est 14th St., New York 11, 


Lakeside Engineering 


gp vensweed Ave., Chicago 13, 


Yeomans Bros. Co., 1423 N. Day- 
ton St., Chicago 22, Il. 


ween ody a (Filter) 
Amer. Water Softener Co., Phila- 

ariphie 33, Pa. 
Builders - Providence, Inc., 345 
Harris Ave., Providence 1, R. 1. 
Graver Water Conditioning Co., 
216 West 14th St., New York 11, 


Y. 
Infileo, Inc., 325 W. 25th Pl. 
Chicago, Il. 
Permutit Co., 330 W. 42nd St., 


New York 18, N. Y. 

Roberts Filter Mfg. Co., Darby, 
a. 

Stuart Corp., 516 N. Charles St., 
Baltimore 1, Md. 

Walker Process . Ine., 


Equip. 518 
Hankes Ave., Aurora, Ill. 


ORIFICES 
Bailey Meter Co., 1072 Ivanhoe 
Rd., Cleveland 10, Ohio. 
Builders - Providence, Inc., 345 
Harris Ave., Providence 1, R. I. 
Foxboro Co., Neponset Ave., Fox- 


Infileo, Inc., 325 W. 26th Pl., Chi- 
cago 16, Il. 


Simplex Valve & Meter Co., 6743 
Upland St., Philadelphia 42, Pa. 


ae 
W. 8. Darley & Co. » an0e Wash- 
ington Blvd. Chis m™. 
Johne-Manville, 22 doin 8t., 
New Y 


Nort! oe oot ing Val- 
er 7 inc., Spring Va 


PAINT, ACID RESISTING 
Atlas Mineral Prod. Co., Mertz- 


wn, Pa. 
Ebony Paint Manufacturing Co., 
18th and Agnes Ave, 


lis-Chalmers Mfg. Co., 1192 5S. 
70th St., Milwaukee, Wise. 

& Iron Co., 832 

Chicago 4, 


R. D. Cole i Co., Newnan, Ga. 
Hammond Works, Warren, 
Des Moines Steel Co., 

Neville Island, Pittsburgh 25, 


iy — > aad 
ince St., 





Tower Co., 


Santa Fe Tank & 
Les An- 


6401 S&S. Boyle Ave., 
geles 68, Calif. 


pH TEST EQUIPMENT 
neiey Meter Co., 1072 Ivanhoe 
Cleveland 10, Ohio. 
ientific Co., 1700 Irving 
hicago 18, Ill. 
Inc,, 318 


Ave., Fox- 


B 


lena, Calif. 
Infileo, Inc., 326 W. 25th Pl, Chi- 
cago 16, Ill. 
Lakeside Engineering Co: 222 
W. Adams 8t., Chicago . “th. 


St. FNow York 18, N. Y. 
Phipps & Bird, Inc., 208 S. 6th 
Richmond 


5, Va. 
Photovolt Corp., Ry Madison Ave., 
New York 16, N. Y. 


Proportioneers, Inc., 345 Harris 


R. L 
. 7300 York 


Rd., ‘ 
Wallace & a Co., Ine., 


Belleville 9, N. J. 
PHOTOELECTRIC COLORIM- 
ETERS 
Hellige, Inc., 8718 Bate Bivd., 
Long Isl, and City, N. 


Photovolt on © J Madison Ave., 
New York, 


PIPE & FITTINGS, SARAN, ETC. 
Amer. Hard Rubber Co., 11 Mercer 
St., New York 18, N. Y. 
Outer Products Corp., Bedford, 
Ohio 


PIPE AND TANK COATINGS 


Paint Manufacturing Co., 

and Agnes Ave., Kansas 
4 1, Mo. 

tuart Corp., 616 N. Charles St., 
wy Ma 


PIPE, ASBESTOS-CEMENT 
Johns-Manville Co., 22 E. 40th St., 
New York City. 
 ~ond & Mattison Co., Ambler, 


PIPE BENDING MACHINES 


H. D. Fowler Co., Inc., 901 Lane 
St, P. O. Box 3084, 


Ww. 

Hays Mfg. Co., Bae © 

Jos. G. Ine. i 8. 
Ashiand P1., Brooklyn i 


Seattle, 


PIPE, CAST IRON 
Albert Pipe Supply Go. Baw oof 
N. 18th St., Brooklyn 11, N. Y. 
American Cast Iron Pipe Co., Bir- 
ee Ala. 
Cast Iron Pipe Research Assoc., 
122 8S. Michigan Ave., Chicago 


peal Peete Go. 386 4th Ave., 





Preload Corp., 211 a 37th St, 
New York 16, N. 

Sonken-Galamba X% 2nd & 
Riverview, Kansas City 18, Kan. 
oS Fe | & Foundry Co., Bur- 
i 


Warren Foouary & Pipe Corp., 11 
way, New York City. 

R. D. Wood Co., Public Ledger 

Bidg., Independence Sq., Phila- 

delphia 5, 


PIPE, CEMENT LINING OF 


Centriline Corp., 140 Cedar &t., 
New York City. 

Lock Joint Pipe Co., P. O. Box 
269, East Orange, N. 

Preload Corp., 211 E 87th St., 
New York 16, N. Y. 

Stuart Corp., 616 N. Charles St., 
Baltimore L Md. 


PIPE, CONCRETE, PRESSURE 
Lock Joint Pipe Co., P. O. Box 
Orange, N. J. 
° | 87th St., 
Stuart Corp., 516 N. Charles St, 
Baltimore i, Md. 


PIPE, COPPER, BRASS AND 
BRONZE 


American Brass Co, Waterbury, 
Conn. 


Sonken-Galamba Corp., 2nd & 
Riverview, Kansas City 18, Kan. 


PIPE, CULVERT 


PIPE payne cay MACHINES 

W. S&S. Darley & Co., 2810 Wash- 
ington Blvd., Chieago 12, Tl. 

H. D. Fowler Co., Inc., 961 Lane 
St, P. O. Box 3064, Seattle, 
Wash. 

Jos. G. ag Co., ine, 18 Ash- 

Ridge. Pag -¥. 


atte te Co's. 

ve., le 

+ Co., 1525 Dayton 
St., Chicago 22, Ill. 


W. S&S. Darley & Co., 2810 Wash- 
ington BI Chicago 12, Ill. 
Jos. G. Inc., 141 Ash- 

land Pl., Brooklyn 1, N.Y. 


PIPE ENAMELS, PROTECTIVE— 
COAL TAR 
Inertol Co- Newel 6, N. J. 
Pn 


PIPE FITTINGS (See Fittings) 


gig ea can Mee yom Fag owe 
American ae Se 
Mercer St. New York 19, 


a ye P.O. 
Andes 64, Galil) _ 


PIPE JOINT COMPOUNDS 
(See Jointing Compounds.) 


PIPE JOINTS (Mechanical) 

Carson-Cadillac Corp., 1221 Pin- 
oe oy 
5 Mickigan “Ave, Chicas 





Ave. 

Dresser 
Ave., a. 

Warren & Pipe Co., 11 
Broadway, New York tH 

L. A. Weston, Adams, 


PIPE JOINT TOOLS 


Dresser Mfg. i? 2651 Fisher 


, Decatur 70, Ti 


PIPE LOCATORS 

W. 8. Darley & Co., 2810 Wash- 
ington Bivd., chicago 2, TL 

Detectron Co., huenga 
Bivd., North Hallywood. Calif. 

Fisher Research Lab., 1961 Uni- 
versity Ave. Palo Alto, Calif. 

H. D. Fowler Co., Inc., 901 Lane 
a P. 0. Box 3064, Seattle 


‘ash. 
Globe Phone Mfg. Co., Reading, 


Goldak 15438 (WW.  eoce 
Blvd., Sicndale 1, Calif. 


PIPE, PLASTIC 
Amer. Hard Rubber Co., 
St.. New York 18, N. 
Carter Products Corp., 
Ohio 


11 Mercer 


Bedford, 


PIPE, SEWER 


Ayer-McCarel-Regan Clay Co., 
Brazil, Ind. 

Cast Iron Pipe Research Assn., 122 
8. Mich icago, Til. 


Regiey & Mattison Co., Ambler, 

Lock Joint Pipe Co., P. O. Box 
269, East Orange, N. J. 

Nat'l Clay Pipe Mfrs., 100 N. 
La Sal Ti. 


U. “i. Pipe & ‘Foundry Co., 
Hagton, N. J. 


PIPE, STEEL (All Types) 
R. D. Cole Mfg. Co., Newnan, Ga. 


Grin Co., Ine., 
a change St., Pro 


Sonken-Galamba 
Riverview, Kansas City 18, Kan. 


PIPE TAPPING MACHINES 
Mueller Co., 512 W. Cerro Gordo 
St., Decatur 70, Ill. 
A. PB. Smith Mfg. Co., 545 N. 
Arlington Ave., E. Orange, N.J. 
PIPE TEST PLUGS 


James B. Clow & Sons, 201-299 
N. Talman Ave., Chicago 18, 


8. Darley & Co., 2810 Wash- 
wt. Blvd., _ Chicago 12, Tl. 


Co., P. O. 
Box -_ tf Sta., Rich- 
mond, V. 
A. P. ‘Smith ats, Co. 645_N. 
Arlington Ave., E. Orange, N.J. 
PIPE THAWING, ELECTRICAL, 
STEAM, 


W. &. Darley & Co., 2810 Wash- 
ington Blvd., Chicago 12, Il. 


Jos. G. Pollard Inc., 141 8. 
Ashland P1., B: 1, N.Y. 
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R-8 


Tool Ce., 400 Clark St, 


——_ Mfg. Co., my, of Aetna 

ndustrial Corp., Armory 
pom Roxbury 19, (Boston), 
ass. 


PIPE, VITRIFIED CLAY 


(Bee Vitrified Clay P and 
Products.) aa 


—_ Bagg may’ IRON 
. Byers — Clark Bidg., 
“piteberk P 
Crane Co., 836 S Michigan Ave.. 
Chicago 5, Ill. 
Grinnell Co., Inc. 260 N. Ex- 
it. RL 


iter, 
Sonken-Galambe. 2nd & River- 
view, Kansas City 18, Kan 


PITOT TUBES 
Bailey Meter Co., 1072 Ivanhoe 
Rd., Cleveland 10, Ohio. 
Leupold & Stevens Inmst.. 4445 
N.E. Glissen, Portland, Ore. 
Simplex Valve & Meter Co., 6743 
Upland St., Philadelphia a2, tg 


PRRATES CONVEYORS FOR 
ATER AND SEWAGE TREAT- 


Draceo Corp., 4079 E. 116th St., 
Cleveland 5, Ohio. 

Stuart Corp., 616 N. Charles St., 
Baltimore 1, Md. 


POROUS TURES AND PLATES 
| Carborundum Co., Refractories 
Divn., Perth Amboy, N. J. 
> Chicago Pump Co., 2349 Wolfram 

'  St.. Chicago, Il. 


Stuart Corp., 516 N. Charles St., 
Baltimore 1, Md. 


POWER TAKE-OFFS 
(Truck Type) 
Davey Compressor Co., Kent, Ohio 
Payne Dean Co., Madison, Conn. 


(PRESTRESSED CONCRETE 
TANKS 


Preload Corp.. 211 E. 87th St., 
New York 16, N. Y. 


& 
PRESSURE REGULATORS 
(See Regulators, Pressure) 


PROPORTIONING EQUIPMENT 
(See Chemical Feed and Propor- 
> tioning Equip.) 


PUMPING CONTROLS 


» Co. 1192 & 
Wis. 


Water Conditioning — Co., 
+ a tae 14th St.. New York 11, 
Healy-Ruff Co., 783 Hampden Ave., 
St. Paul, Minn. 
PUMP PRIMERS 


Allis-Chalmers Mfg. Co., 1192 5S. 
70th St., Milwaukee, Wis. 
jeago Pump Co., 2349 Wolfram 


Co.. 1329 E. Mermaid 
ladelphia 18, Pa. 


Primer Corp., 127 N. 
St., Chieago 2, Il. 


St., 
Milton 
Valve and 

Dearborn 


PUMPS, ACID-HANDLING 
. eg 8. 


Atfoth Sts Milwaukee f 
70th St., Milwaukee 1, 
American Co, 


Graver Water Conditioning Co., 
$96 rest tath St., New York 11, 
es Pump Div. Food . Ed 
and Chemical Corp., 301 W. 

ive “s. Les Angeles 31, Calif. 
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Pugpectioncem, Inc., 346 Harris 
Ave, LRL 


PUMPS, CELLAR DRAINER 


(See Pumps, Sump) 


PUMPS, CENTRIFUGAL 


Allis-Chaimers Mfg. Co., 
ivth St., Milwaukee 1, 

American Well Works, 
broadway, Aurora, Lil. 

Aurora Pump Uo., 68 Loucks St., 
Aurora, iil. 

Barrett, Haentjens & Co., Hazle- 


ton, Pa. 
Raiph B. Carter Co., 
ite Ww. ‘Bruce St, 


wo N. 


Chicago Pump Co. 2349 Wolfram 
St., Chicago, Lil. 

W. S. Darwy & Co., 2810 Wash- 
ington Bivd., Chicago 12, Ill. 
De Laval Steam Turbine Vo., ‘Tren- 

ton, N. J. 
Domestic Engine & Pump Co., 
Snippensburg, Pa. 

Pairbanks, Morse & Co., 600 8 
Mictigan Ave., Chicago 5, Lil. 
Graver Water Conuitioning Co., 
216 West 4th St.. New York 11, 


901 Lane 
Seattie, 


H. D. Fowler Co., Ine., 
St, P. O. Box susd, 
Wash. 

Gorman-Rupp Co., 3056 Bowman 
St., Mansfield, Ohio. 

Homelite Corp., Kiverdale Ave., 

Y 


716 Dublin 
Oo. 


Lakeside Engineering Corp., 222 
W. Adams St., Caicago 6, Lil. 
Peerless Pump Division, Food Ma- 
chinery Corp., 301 W. Avenue 

26, Los Angeies 31, Calif. 
Process Engineers, Inc., $21 Mar- 
ket St., San Francisco 3, Calif. 
ken-Galambea Corp., ind & 
Riverview, Kansas City 18, Kan. 
Yeomans Brothers Co., 1423 Day- 
ton St., Chicago 22, Ill. 


PUMPS, DEEP WELL 


American Well Works, 


Michigan Ave., Chicago 5, in. 
Layne & Bowler, Inc., P. O. Box 
es Hollywood Sta. Memphis 8, 


nn. 
Peerless Pump Staten, Food Ma- 
chinery Corp., W. Avenue 


& 
Riverview, Kansas City 18, Kan. 


PUMPS, DIAPHRAGM 


Ralph B. Carter Co., 192 Atlantic 
St., Hackensack, J. 
Chain Beit Co., 
Pe 4. 
a Co, P. O 
“a. 3098, Terminal Annex, Los 
Angeles 12, Calif. 
Domesti ¥ 


tie my Pump Co., 
Shippensburg, Pa. 
Dorr Co., Barry Place, Stamford, 


Conn. 
Edson Corp., 49 D. St., South Bos- 
ton, Mass. 
Everson Mfg. Co., 214 W. Huron 
* 8t.. Chicago, I) 
Hardinge Co., Inc., 240 Arch St., 


York, 
Jaeger Machine Co., 716 Dublin 


Ave., Columbus 16, O. 
Mariow Pumps, Inc., 412 Green- 
wood Ave., Ridge N. 
Process Engineers, Inc., 821 Mar- 
ket St., San Francisco 3, Calif. 
Inc., 345 Harris 


ng W. Bruce St., 


PUMPS, DRAINAGE (See Pumps, 


Sewage and Drainage) 
PRESSURE FOR 


PUMPS, HIGH 
TRUCK MOUNTING 


W. S&S. Darley & Co., 2810 Wash- 
ington Bivd., Chicago 12, Ill. 


PUMPS, HYDRANT 
bat 8S. Darley & Co., — Wash- 


ington Blvd., Chicago 1 ,3 
Bdson Gore. io D St South Bos- 


PUMPS, HYDRAULIC 


De Laval Steam Turbine Co., 
Trenton 2, N. J. 


Data — 1950 


192 Atlantic | 


PUMPS, 





Domestic sy & Pump Co. 
aes, 


rtioneers, ine. 345 Harris 
Ave., Providence 1, R. L 
A \ ae Mfg. Co., Inc., Troy, 


11982 5. | PUMPS, JETTING 
1s. 


Ralph B. Carter Co., 192 Atlantic 
St, Hackensack, N, 

Domestic Engine & Pump Co., 
Shippensburg, Pa. 

Gorman-Kupp Co., 305 Bowman 
St.. Mansfield, Ohio. 

Jaeger Machine Co., 716 Dublin 
Ave., Columbus 16, O. 


PUMPS, PORTABLE 


Barrett, Haentjens & Co., Hazle- 
ton, Pa. 
~~ B. Carter Co., 192 Atlantic 
Hackensack, 
Cc hain Beit Co., 
Milwauke 4, Wis. 
W. S&S. Darley & Co., 2810 Wash- 
ington Bivd., Chicago 12, Lil. 
Domestic Engine & Pump Co., 
Shippensburg, Pa. 

Fairbanks, Morse & Co., 600 5& 
Michigan Ave., Chicago 5, Ill. 

Homelite Corp., Riverdale Ave., 
Port Chester, N. Y. 

Jaeger Machine Co, 716 Dublin 
Ave., Columbus 16, 


1600 W. Bruce St., 


ROTARY 
De Lava! Steam Turbine Co., Tren- 
ton, N. J. 

Pairbanks, Morse & Co., 600 
Michigan Ave., Chicago 6, UL 
Roots-Connersville Blower Corp., 

P. 0. Box 327, Connersville, Ind. 
Sonken-Galamba Corp., 2nd 
Riverview, Kansas City 18, Kan. 


PUMPS, SELF PRIMING 


Allis-Chaimers Mfg. Co., ag 8. 
70th St., Milwaukee 1, 

Aurora _Pemp Co., 68 Palas St., 
Auro ill. 

Barrett, ge & Co., Hazle- 
ton, a 

Ralph B. Carter Co., 192 Atlantic 
St., Hackensack, 

Chain Belt Co., 1600 W. Bruce St., 
Milwaukee 4, Wis. 

Canes Pump Co., 2349 Wolfram 

, Chieago, I 

we ‘3. Darley & Co., 2810 Wash- 

ington Bivd., Chicago 12, Ill. 
Steam Turbine Co., 


Domestic Engine & Pump Co., 
Shippensburg, Pa. 
Gorman-Rupp Co., 
St., Mansfield, Ohio. 
Homelite Corp., Riverdale Ave., 
Port Chester, N. Y. 
Jaeger Machine Co., Bs Dublin 
— Columbus 16, 
ne & Bowler, | hy 'P. O. Box 
— Hollywood Sta., Memphis 8, 
Tenn. 

Marlow Pumps, % } see cumaes 
Ave., Ridgewood, N. 
Yeomans Brothers A 1423 N. 
Dayton St., Chicago 22, Ill. 


PUMPS, SEWAGE AND DRAIN- 
AGE 


Allis-Chalmers Mfg. Co., 
70th St., Milwaukee 1, " 

American Well Works, 100 N. 
Broadway, Aurora, [IL 

Aurora Pump Co., 68 Loucks St., 
Aurora, Ill. 

Chicago Pump Co., 2349 Wolfram 
St., Chicago, Il. 

W. S. Darley & Co., 2810 Wash- 
ington Blvd., Chicago 12, Ill. 

De Laval Steam Turbine Co., Tren- 


ton 2, N. J. 

Domestic Engine & Pump Co., 
Shippensburg, 

Fairbanks, Morse & Co., 600 8 
Michigan Ave., Chicago, Ill. 

H. D. Fowler Co., Inc., 901 Lane 
8t., Po ©. Box 3084, Seattle, 


1192 8S. 
is. 


as 
German-Rupp Co., — Bowman 
St., Mansfield, Ohio. 
Riverdale Ave., 


Port Chester, 
Jaeger Machine Co., “716 Dublin 
St., Columbus 16, 0. 
Marlow Pumps, 412 Greenwood 


Ridgewood, J. 
nan Pump Diviston Food Ma- 
chinery Corp., W. Avenue 
26, oat a, Calif. 
Lag Pa. 


PUMPS, SUMP 





PUMPS, SLUDGE 


Allis-Chalmers Mfg. Co., 1192 5. 
70th St., Milwaukee 1, es 
American Well Wor 100 N. 


tic St, Hackensack, 

Ch Pump Co., 2349 Wolfram 
St., Chicago, DL 

De Laval Steam Turbine Co., 
Trenton, N. J. 

Domestic Engine & Pump Co., 
Shippensburg, Pa. 

a gy Garry Place, Stamford, 


Faicbonke, Morse & Co., 600 8. 
Michigan Ave., Chicago 5, LL 
Graver Water Conditioning Co., 
216 West l4th St., New York 11, 


H. D. Fowler Co., Inc., 901 Lane 
St. P. O. Box 3084, Seattle, 
Wash. 

Hardinge Co., Inc., 240 Arch St 
ork, Pa. 
Mariow Pumps, 
Ave., Ridge 
Walker Process Equip, Inc., 518 

Hankes Ave., Aurora, Lil 

Yeomans Brothers Co., 1423 N 

Dayton St., Chicago 22, Ill. 


412 Greenwood 
N, J. 


(AND CELLAR 

DRAINER) 

American Well Works, 
Broadway, Aurora, Ill. 

Aurora Pump Co., 68 Loucks St. 
Aurora, Ill. 

Barrett, Haentjens & Co., Hazel- 
ton, Pa. 

Chicago Pump Co., 2349 Wolfram 
St., Chicago, IL 

Steam Turbine Co., 


100 N 


0. Box 3084, Seattle, 
305 Bowman 


io. 
716 Dublin 
Ave., Columbus 16, 

Peerless Pump Division "Food Ma- 
chinery Corp., 301 West Avenue 
26, Los Angeles, Calif. 

- N. 


as 
Gorman-Rupp Co., 


Yeomans Brothers Co., 
Dayton St., Chicago 22, 


PUMPS, TURBINE 


American Well Works, 100 N. 
Broadway, Aurora, Iii. 

Aurora Pump Co., 68 Loucks St, 
Aurora, Ill. 

De Laval Steam Turbine Co., 


Layne 2. Bowler, Inc., P. 0. 
215, Hollywood Sta., Memphis 8, 


en 
Benton Pump Div., Food Ma- 


chinery Corp., 301 West Ave- 
nue, 26, Los Angeles $1, Calif 


Co., 
Dayton St., ‘Chicago 22, In. 


PUMPS, VACUUM 


Allen-Billmyre Div., Lamson Corp. 
1061 S. Clinton St., Syracuse, 

Allis-Chalmers Mfg. Co., 1192 & 
70th St., Milwaukee 1, Wis. 

Barrett, Haentiens & Co., Hazle- 


ton, 

Chicago Pump ce. 2349 Wolfram 
St., Chicago, DL 

De Laval Steam Turbine Co. 
Trenton 2, N. J. 

Domestic Engine & Pump Co., 
Shippensburg, Pa. 

Dracco Lee _" E. 116th St. 
Cleveland 

Roots: Connersville Blower Corp., 
PO. $27, Connersville, Ind. 

U. S. Heffman Mach. Corp., 111 
— Ave., ae York 3, N. Y. 

Co., 1423 N 

)- = St., Chicago 22, Ii. 


RAIN GAGES 


Central Scientific Co., 1700 Irving 
Park Rd., Chicago 1B, Ti. 
wart, Ashburnham 


M. C. Ste , Mass 


RATE OF FLOW CONTROLLERS 


Bailey Meter Co., 1072 Ivanhoe 
0, Ohio. 





Conditioning Co 
New York 11 


Graver Water 
a West 14th St., 


901 Lane 
Seattle 


Inc., 


H. ™». Fowler Co., 
P. 3084, 


0. Box 
, Neponset Ave., Fox- 


Inc., 325 W. 25th Place, 
Chicago 16, IL 
Lakeside Engineering Corp., 222 
W. Adams 8t., Chicago 6, “ni. 
Permutit Co., 330 W. 42nd 5t., 
New York is, N. Y. 
Pittsburgh Equitable Meter Div., 
N. Lexington Ave., Pitts- 
burgh 8, Pa. 
Roberts Filter 
Pa. 
Simplex Valve & Meter Co., 6743 
Upland St., Philadelphia, Pa. 
S. Morgan Smith Co., York, Pa. 
R. W. Sparling, Box 3277 Termi- 
nal Annex, Los Angeles, Calif 


Mfg. Co., Darby 


RATE OF FLOW RECORDERS | 


Bailey Meter Co., 1072 Ivanho« 
Rd., Cleveland 10, Ohio. 
Builders - Providence, _Inc., 
Harris Ave., Providence 1, R. I 
Fischer & Porter Co., Hatboro, Pa 
Foxboro Co., Neponset Ave., Fox- 
° Mass. 

Infileo, Inc., 325 W. 
Chicago 16, Ill. 
Lakeside Engineering 
W. Adams St., Chicago 6, 
Leupold & Stevens Inat., 
N. E. Glissen, Portland, Ore. 
Pittsburgh Equitable Meter Div., 
400 N. Lexington Ave., Pitts- 

burgh 8, Pa. 


345 


25th Place, 
222 


Corp., 


Simplex Valve & Meter Co., 6743 | 


Upland St., 
R. W. Sparling, 
nal Annex, Los Angeles, Calif 


Philadelphia 42, Pa 


REAMERS 
Ridge Tool Co., Elyria, Ohio. 


RECARBONATORS 
(See Carbonators) 


REFRACTORIES 
Carborundum Co., 


Johns-Manville, 22 
New York City. 


Perth 
E. 40th St., 


Amboy, 


REGULATORS, PRESSURE 
(Water and Gas) 


American Radiator Co., Bessemer 
Bidg., Pittsburgh, Pa. 

Automatic Control Co., 1005 Uni- 
versity Ave., St. Paul, Minn. 

Clark Controller Co, 1146 E. 
152nd a Sepcees 10, Ohio. 
rane Co., 836 S. Michigan Ave., 
Chicago . 

Golden-Anderson Valve Spec., Co. 
1329 Fulton Bidg., Pittsburgh, 
Pa. 

Graver Water Conditioning Co., 
216 West 14th St., New York 11, 


N.Y. 
Mueller Co., 612 W. Cerro Gordo 
St., Decatur 70, Ill. 

Norwalk Valve Co., 33 Railroad 
Ave., South Norwalk, Conn. 
Ross Valve Mfg. Co., P. O. Box 

7 Troy, Y. 
. Morgan ‘Smith Co., York, Pa. 


RESIDUAL CHLORINE 
CONTROL APPARATUS 


Builders - Providence, Inc., 
Harris Ave., Providence 1, a I. 
B/W Controller Corp., E. 
Maple Rd., Birmingham, ‘Mich. 
Chemical Bg a Co, P. O 
Box Annex, Los 
yl 64, Calif. 
Fis! Co,, Hatboro, Pa. 
Hellige, Inc., 3718 Northern Blvd., 
Long Island City, N. Y. 
‘otte Chem. Co., Towson 4, Md. 
, 7300 York 


Wallace & Tiernan Co., Inc., Belle- 
ville J. 


ROOF COATINGS 


Haynes Products Sx awe Farnam | 


St., Omaha 3, 


RUBBER LINED PIPE AND 
VALVES 
American Hard Rubber he 
Mercer St., New York 13, N. 


11 


4445 | 


Box 3277 Termi- | 


P. O. Box 3098 
Los Angeles 54, 


Chem. Equip. Co., 
Term. Annex, 
Calif. 

Darling Valve & Mig 
liamsport, Pa. 


Co., Wil- 


RUBBER PACKING GASKETS 
Northrop & Co., Spring Valley, 
N.Y 


RUST PREVENTION 
(Tanks, Pipe Lines, 
Metal) 
Calgon, Ine., 
burgh, Pa. 
Ebony Paint Mfg. Co 
Agnes Ave., Kansas 


Submerged 


Hagan Bidg., Pitts- 
18th and 


City 1 


1026 
Ohio 


Mo 

Electro Rust-Proofing Corp., 
Wayne Ave., Dayton 10, 
(Cathodie Protection) 

Dearborn Chem. Co., 310 8. Mich 
igan Ave., Chicago, Ill 

H. D. Fowler Co., Ine., 
St.. P. Box 3084, 
Wash 

Oakite Products, Inc., 
St.. New York 6, N. Y. 

Philadelphia Quartz Co., 
Bide.. 5th & Chestnut 
Philadelphia, Pa 

Wallace & Tiernan, 
N. J 


901 Lane 
Seattle 


73 Thames 


Ledger 
Sts 


Belleville 9 


SADDLES, PIPE 
| 


Clow & Sons, 
Talman Ave., 

Dresser Mfe. Div.. 251 
Ave., Bradford, Pa 

Grinnell Co., Inc., 260 W. Ex 
change St., Providence, R. I 

Mueller Co., 512 W. Cerro Gordo 
St., Decatur 70, Ill 

A. P. Smith Mfg. Co., 545 N. Arl- 
ington Ave., E. Orange, N. J 


201 N 
iit 
Fisher 


James B 
Chicago 80 


SAMPLERS AND SAMPLING 
TABLES bas 

Infileo, Inc., 
Chicago 16, 

 ~ Filter Mfg. Co., 


325 
Th. 

Darby. 

euane Corp., 516 N. Charles St. 
Raltimore 1, Md. 


Walker Process Equip., Inc., 
Hankes Ave., Aurora, Ill. 


518 


SAND EXPANSION INDICATORS 
Builders - Providence, Inc., 345 
Harris Ave., Providence 1, R. I. 
Infileo, Inc., 325 W. 25th Place, 
Chicago 16, Ill. 
Simplex Valve & Meter Co., 6743 
Upland St., Philadelphia 42, Pa 


SCALES, SLUDGE CONVEYOR 
Builders - Providence, Ine., 345 
Harris Ave., Providence 1, R. I 


SCALES, WEIGHING 
Pairbanks-Morse Co., 600 8. Mich- 
igan Ave., Chicago 5, II). 
Lakeside Engineering Corp 
W. Adams St., Chicago 6 
Phage and Bird. Inc., 303 S 
Richmond 5, Va. 

Wallace & Tiernan, Belleville 9 


. 222 
Til 
6th 


SCREENINGS, DEWATERERS 
. Amer. Trans. Corp., 10 E. 
49th St.. New York 17, N. Y. 


SCREENINGS GRINDERS 
(See Grinders) 


SCREENS, INTAKE 
Amer. Well i 100 N. Broad- 


way, Aurora, TI. 
Chain Belt Co., 1800 W. Bruce St., 
5 W. Hunting 


Park Ave., ‘Philadelphia 40, Pa. 
SCREENS, SAND, GRAVEL AND 
STONE 


Link-Relt Co. 
Park Ave., 


2045 





SCREENS, SEWAGE 
ee Well Works, 100 N. 
roadway, Avrora, Tl. 
| Chain Belt Co., 1600 W. Bruce St., 
Milwaukee 4, Wis. 
Dorr — Barry Place, Stamford, 


Con 
Infileo, ‘Ine., 825 W. 25th Pl., Chi- 
. cago 16, Til 


W. 25th Place, | 





Jeffrey Mfg. Co., 996 N. 4th St 
Columbus 16, Ohio. 

Link-Belt Co., 20456 W. Hunting 
Park Ave., Philadelphia 40, Pa. 

Process Engineers, Inc., 821 Mar- 
ket St., San Francisco 3, Calif. 

Walker Process Equip. Co., 618 
Hankes Ave., Aurora, Il. 


SCREENS, VIBRATING 
Allis-Chalmers Mfg. Co., 1192 8 
70th St., Milwaukee 1, Wis. 
Chain Belt Co., 1600 W. Bruce St., 
Milwaukee 4, Wis. 
Jefizey Mfg. Co., eg N 
Columbus 16, 0 
Link Belt Co., 2045 “W. Hunting 

Park Ave. Philadelphia 40, Pa 


4th St 


SCREENS, WATER WELL 
Layne & Bowler, Inc., P.O. Bo» 
215, Hollywood Sta., Memphis & 
Tenn 


SCUM REMOVERS 
(See Clarifiers.) 


SEGMENT BLOCKS AND PIPE 
LINER PLATES (Vitrified) 
Nat'l Clay Pipe Mfrs. Ine., 100 N 

LaSalle St., Chicago 2, Il. 


| SEPTIC TANK CLEANERS 


Gorman-Rupp Co., 305 Bowman 


St., Mansfield, Ohio, 


SEPTIC TANKS (Vitrified Clay) 
Nat'l Clay Pipe Mfrs., Inc., 100 N 
LaSalle St., Chicago 2, Ill 


SERVICE BOXES 


Central Foundry Co., 386 Fourth 


Hays Mfg. Co., 
Sts., Erie, Pa. 

Mueller Co., 512 W. Cerro Gorde 
St., Decatur 70, Ill. 

A. P. Smith Mfe. Co., 545 N. Ar 
lington Ave., E. Orange, N.J. 


SERVICE PIPE 


Amer. Brass Co., Waterbury. 


Ine., Kinsman 
io. 
Mueller Co., 512 Cerro Gordo St 
Decatur 70, Tl. 


SEWAGE EJECTORS 
(See Ejectors, Pneumatic.) 


SEWAGE SAMPLERS 


Chicago Pump Co., 2349 Wolfram 
St., Chicago, Il. 
Foxboro Co., Neponset Ave., 


boro, Mass. 

Infileo, Inc.. 825 W. 26th Place. 
Chicago 16, Til. 

Lakeside Engr. q 
Adams St.. Chicees ‘6. TH. 

a ~ gs & Bird. Inc., 303 S. 6th 

Richmond 5. Va. 

Walker Process Equip., Inc., 518 
Hankes Ave., Aurora, TIl. 


Fox- 


SEWAGE SLUDGE INCINERATOR 
a a Barry Place, Stamford, 


Morse "Roulve r Destructor Co., 206 
E. 42nd st. New York 17, N.Y. 

Nichols Resteene 
Corp., 60 Wall “sewer, New 
York City. 

Pittsburgh-Des Moines Steel Co., 
Pittsburgh, Pa. 


SEWAGE TREATMENT 
PROCESSES 
Process, 2266 


The RPio-Chemic 
Indianapolis, 


al 
N. Meridian St., 
Ind. 


W. Honti | SEWER CLEANING EQUIP. AND 
: : unting ER 
Philadelphia 40, Pa. sanvece 


Bucyrus-Erie Co., South Milwau- 
ee. e 
W. S. Darley & Co., 2810 W 


Water Main Cleanine 
Church St., New York 


R-9 


Phelps Dodge Refining Corp., 40 
Wall St., New York 5, N.Y. 

Pittsburgh Pipe Cleaner Co., 138 
Dahlem St., Pittsburgh 6, Pa. 

W. H. Stewart, 1051 So. Clinton 
St., Syracuse, N.Y. 

Turbine Sewer Machine Co., 5210 
W. State St., Milwaukee, Wis. 


SEWER ODOR PREVENTION 

(See Chlorine.) 

Cloroben Corp., Jersey City, N.J. 

Pittsburgh Plate Glass Co., Co 
lumbia Chem. Div., Fifth Ave., 
at Bellefield, Pittsburgh 13, Pa. 

Welsbach Corp., 1500 Walnut St., 
Philadelphia 2, Pa 


SEWER PIPE 
(See Pipe, Sewer.) 


SEWER PIPE JOINTS 
Atlas Mineral Prod. Co., 
town, Pa. 
Hydraulic Development Corp., 
Church St., New York City. 


Mertz- 
50 


SEWER RODS 
W. S. Darley & Co., 2810 Wash- 
ington Bivd., Chicago 12, Tl. 
Flexible Sewer-Rod Eapt. Co. 
9059 Venice Bivd., Los Angeles, 

Calif. 
W. H. Stewart, 1051 So. 
St., Syracuse, N. Y. 


Clinton 


SIPHONS (Sewage) 
American Well Works, 
Broadway, Aurora, Iii. 
Ras B. Carter Co., 192 Atlantic 

Hackensack, 

Infilco, Inc., 325 W. 25th Place, 

Chicago 16, Ill. 
Pacific Flush Tank Co., 
venswood Ave., Chicago 13, 


100 N. 


4241 Ra- 
ni 


| SLEEVES, PIPE REPAIR 


12th & Liberty | 


| 





Clow & Sons, James B., 201 N 
Talman Ave., Chicago 80, m1 
Dresser Mfg. Fw , 261 Fisher Ave., 


Bradford 
Waterford, N.Y. 


Eddy Valve Co., 
Iowa Valve Co., Hubbell Bidg 
Troy, N.Y. 


Des Moines, Ia. 

Rensselaer Valve Co., y. 

A. P. Smith Mfg. Co., 545 N. 
Sruestes Ave., East Orange, 

Warren Foundry & Pipe Corp., 11 
Broadway, New York City. 

R._ D. Wood Co., Public Ledger 
Bidg., Independence Square, 

Philadelphia, Pa. 


SLEEVES, TAPPING (Valve) 
Eddy Valve Co., Waterford, N.Y. 
Dresser Mfg. Div., 251 Fisher 

Ave., Bradford, Pa. 
Iowa Valve Co., Oskaloosa, Ta. 
oy Valve Mfg. Co., Elmira, 


M~. a H. Valve & Fittings Co., 
P.O. Box 908, Anniston, Ala. 
Mueller Co., 512 W. Cerro 
St., Decatur 70, Til. 
Rensselaer Valve Co., Troy, N.Y. 
P. ith Mfg. Co., 545 N. 
‘Arlington Ave., East Orange, 


SLUDGE COLLECTORS 


“—- Well Works, 
+ fare, nm 


Dz. "Powler Co., Inc., 901 Lane 
ae P.O. Box 8084, Seattle, 
Wash. 


Infileo, Inc., 825 W. 25th Place, 
hicago 16, Til 


Jeffrey Mfg. Co, 906 N. 4th St. 
Link-Belt Co., 2045 W. Betis 
Park Ave. Philadelphia, 


Equip., Inc., 518 
Hankes Ave., Aurora, 
Yeomans Brothers Co., 
Dayton St., Chicago 22, 


"| SLUDGE DISINTEGRATORS 


Jeffrey Mfg. Co., Columbus, 0! 


Pringle St., Kingston, Pa. 


er EJECTORS 
See Ejectors, Pneumatic.) 


W. & S. W. — Rererence & Data — 1950 





Chie 2! Ce.. ne Wolfram 
Infileo, Ine. res Ww. 26th Pl, Chi- 
cago 16, mm. 


& Iron Co., 332 8. 


STANDPIPES 
(Bee Tanks and Standpipes.) 


STANDPIPE AND TANK PRES- 
ERVATION 
(Bee Cathodic Protection Process.) 


STERILIZING WATER MAINS 
(See Water Main Sterilization) 


STIRRERS (Laborstery) 
Omega Mach. Co., Inc., 345 Harris 
Ave., . L 
7 . a = 6 
a. 
Stuart Corp., 516 N. Charles St, 
Baltimore 1, Md. 


STOKERS 
Fairbanks, Morse & Co., 600 8. 


~<~y Ave., Chicago 5, Il. 
Link- = toes W. 18th St., 
se Electric & Mfg. Co., 

30, Pa. 


STORAGE TANKS 

(See Standpipes and Tanks) 
STRAINERS, SUCTION 
Haentjens & Co., Hazle- 
Smith Mfg. Co., Ie., 
96 River St., Hoboken, N. J. 
W. S. Darley & Co., 2810 Wash- 


mH - Ae 
Mee Side Pituburgh 22, Ps. 


SULPHATE OF ALUMINA 
(See Filter Alum) 
SULPHUR DIOXIDE (Liquid) 
Tennessee Corp., 619 Grant Bidg., 
Atlanta, Ge. 


SUPERNATANT LIQUOR 





te 


i; 


4 
? 
f 








sine, $00 8. 
, Po 


W. & S. W.— Rerenence & Data— 


1 


St, Chicago, Mi. 
ver Water Condition Co., 
oe yo 14th St., New York 11, 
Hammond Iron Works, Warren, 
a 
req be Works, Inc. 560 8. 
St. Lancaster, Pa. 
Proportioneers, Inc., 345 Harris 
Ave., Providence 1, R. 1. 


TAPPING MACHINES 
Glauber Brass, Inc., 


Hays Mfg. Co., Erie, Pa. 

mt Rage 612 W. Cerro Gordo 
St., Decatur 70, Il. 

A. PB. Smith Mfg. Co., 545 N. 
Gptpote Ave., East Orange, 


TASTE & ODOR REMOVAL 
EMICALS 





Wash. 
me Meter Co., 50 W. 50th 
. New York City. 
Worthington-Gamon Meter Co., 
Newark, N. J. 


TEST PLUGS (for Pipe) 
James B. Clow & Sons, 201-299 N. 
Talman A 80, ™. 


mond, Va. 
A. P. Smith Mfe. Co. 645 


. N. 
Arlington Ave., E. Orange, N. J. 


THICKENERS (Sludge) 

Dorr Co., Barry Place, Stamford, 
Conn, 

10'E. ith Bt Mew York 

7, & Y. : 
Hardinee Co., Ine., 240 Arch St., 
Infileo, Inc., 325 W. 25th Place, 
Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia 40, Pa. 


Bucyrus-Erie Co., South Milwau- 
kee, Wis. 
. Hough Co., 752 Sun- 
nyside Ave., Libertyville, Il. 
, San Francisco, 


TRICKLING FILTER EQUIPMENT 

Chain Belt Co., 1600 W .Bruce 8t., 
Milwaukee 4, Wis. 

ae Se Barry Place, Stamford, 


n. 
Infileo, Inc., 325 W. 25th Place, 
"Chicago 18, m1. 


Chain Belt Co., 1600 W. Bruce St., 
Milwaukee 4, Wis. 


TUNNEL LINER PLATES 
Chien Bridge & Iron Co., 832 
8S. Michigan Ave., Chicago 4, Ill. 
TURBIDIMETERS 
Central Scientific Co., 1700 Irving 
Park Rd., Ch 13, Th. 
Hellige, Inc., 3718 Northern Bivd., 
Island C .N. Y. 
Klett Mfg. Co., 179 E. 87th St, 
New York 28, N. Y. 
= Chem. Co., Towson 4, 
Phipps & Bi Inc., 308 S. 6th 
5 5, Va. 
W. A. Taylor & Co., 7300 York 
Rd., Baltimore, Md. 
TURBINES, HYDRAULIC 
Allis-Chaimers . Co., 1192 8. 
70th St., M! 1, Wis. 
De Laval Steam Turbine Co., 
Trenton, N. J. 
8. Morgan Smith Co., York, Pa. 








Rensselaer Valve Co., Troy, N. Y. 
A. P. Smith Mfg. Co., 545 N. 
1 Ave., East Orange, 


Verako Products, Inc., Grand Ave. 
& Skokie Rd., Waukegan, Wis. 
. D. Wood Co., Public Ledger 
Bidg., mee Square, 
Philadelphia, Pa. 


VALVE BOX LOCATORS 
W. S. Darley & Co., 2810 Wash- 
al — —- 12, Dil. 
Co., 7 Cahuenga 
Bivd, North Holly wood, Calif. 
ope Phone Mfg. Corp., Reading, 
ass. 


Goldak Co. 1543 W. Glenoaks 
Bivd., Glendale 1, Calif. 


VALVE INSERTING MACHINES 

A. P. Smith Mfg. Co., 545 No. 

Arlington Ave., East Orange, 
N. J. 


VALVE OPERATOR 
(See Gate Valve Operator) 


VALVES 
American Car & Fdry. Co., 30 
Church St., New York 8, N. Y. 
Chapman Valve Mfg. Co., Indian 
Orchard, 


Mass. 
Crane Co., 836 S. Michigan Ave., 
——— I. 
w. 8. Seater o. —_ ae 
ington Bivd., jcago 1 
Darling Valve & Mfg. Co., Wil- 
liamsport, Pa. 
Valve Co., Waterford, N. Y. 
Valv 


Iowa Valve Co., Oskaloosa, Ia. 
Kennedy Valve Mfg. Co., Elmira, 


N. Y. 
Ludlow Valve Mfg. Co., Troy, 
N 


M. & H. Valve & Fittings Co., 
Anniston, Ala. 

Ross Valve Mfg. Co., P. O. Box 
595, Troy, N. Y. 

, Wayne Junc- 


se Philadelphia 44, Pa. 
. P. ith Mfg. Co., 645 N. Ar- 


VALVES, AIR RELEASE 
Chapman Valve Mfg. Co., Indian 


Darling Valve & Mfg. Co., Wil- 
liamsport, Pa. 
Valve Co., Waterford, N 
Anderson var Co. ee 


h 22, 
Towa Valve 
me 4 Valve Mfg. Co., Elmira, 


N. 

oy Engineering Corp., 222 
dams St., Chicago 6, . 

Ladiow "hs “Mfg. Co., 


& Meter Co., 6743 

SiTRiand 8t., Philadelphis 42, Pa. 

Valve and Primer Corp., 127 N. 
Dearborn St., Chicago 2, Ill. 


VALVES, AIR & VACUUM 


lay Vales Co, ¥ Waterford, N. 
oe = 901 Ls 
3084, Seattle, 


=. 


Iowa Valve Co., 

Kegon’ Valve Mfg. Co., 

Nordstrom Valve Div., 
Lexington A 


| 





Gripen Antes Valve 
aes Bidg., 


aoe Valve Mfg. Co., 
N. Y. 

Ross Valve Mfg. Co., 
595, Troy, N. 

S. Morgan Smith Co., 


VALVES, BACKWATER 


Golden-Anderson Valve Co., Keen- 


an B Pittsburgh 22, Pa. 
Graver Water Conditioning Co., 
216 West lith St., New York iu. 


ie Be 
Josam Mfg. Co., 1802 Ontario St., | 


Cleveland 138, Ohio. 


VALVES, BUTTERFLY 
Crane Co., 836 8S. Mich. Ave., 


Chicago 6, Il. 
Fischer & Porter Co., Hatboro, 


Pa. 
H. D. Fowler Co., Inc., 901 Lane | 
Box 


ee P.O. 3084, Seattle, 


h. 
Foxboro Co., Neponset Ave., Fox- 
boro, Mass. 


Graver Water Conditioning Co., 
216 West 14th St., New York 11, 


N. Y. 
aN ee Valve Mfg. Co., Troy, 


Wayne Junc- 
ve a Philadelphia 44, Pa. 


VALVES, CHECK 


ton, Pa. 
Gaae Valve Mfg. Co., Indian 


ass. 

Crane Co., 836 S. Michigan Ave., 
Chicago, 0 

Begéas Valve Co., Williamsport, 


Eddy Valve Co., Waterford, N. Y. 
a Val 


ve Co., Keen- 

an Bidg., ttabargh 22, Pa. 
Grinnell .” — W. Ex- 

St, } ae R. I 

Iowa Valve Co., Oskaloosa, Ia. 
osam Mfg. Co., 1783 E. 1ith St., 

Cleveland, Ohio. 

Kennedy Valve Mfg. Co., Elmira, 
Co., Troy, 


Ludiow Valve Mfg. 
N. ¥ 


M. & H. Mg & Fittings Co, 
.O. Box 909, Anniston, Ala. 
a ty Co., 512 W. Cerro Gordo 
Decatur, Ill. 
& Co., Inc., Spring Val- 


Ave., 
S. Morgan Smith Co., York, Pa. 
Williams Gauge Co., 
Ave., P' 12, Pa. 

R. D. Wood Co., Public Ledger 
Bidg., Independence Square, 
Ph Pa. 

VALVES, CHLORINE 


Amer. Gor ond PGs. Sn. 00 Chase 
St, New ra Y. 
Crane Co., 8. Michigan Ave., 
Chicago, i 
7 Mfg. 214 W. Huron 
Fischer & Porter Co., Hatboro, Pa. 
Foxboro Co., Neponset Ave., 
Foxboro, Mass. 
Wallace & Tiernan Co., Inc. Bel- 
leville 9, N. J. 


VALVES, (Compression) 
Glauber Brass, Inc., Kinsman, 
Ohio 
VALVES, CONE 
American Car & Fiy. Co. 30 
Chureh St., New York 8, N. Y. 
Chapman Valve Mfg. Co., Indian 
H. D. Fowler Co., Inc., 901 Lane 
ae ©. Box 3084, Seattle, 
Golden-Anderson Valve Spec. Co., 
Keenan Bidg., Pittsburgh 22, 


Pa. 
sy 4 Valve Mfg. Co., Elmira, 
8. Morgan Smith Co., York, Pa. 
VALVES, DIAPHRAGM 


naw pote Go, 1058 Ivanhoe 
Crane Co., 836 8. Michigan Ave. 
Chicago 


Fischer & Porter Co., Hatboro, 


Pittsburgh Oe 
Elmira, | 
P. 0. Box 
York, Pa 





Foxboro Go. Neponset Ave., Fox- 
boro, 

Golden- Andaseen Valve Spec. Co., 
ae Bidg., Pittsburgh 22, 


Grinnell Co., Inc., 240 W. Ex- 
change St., Providence 1, R. I. 

Norwalk Valve Co., 
Ave., Norwalk, 

Ross Valve Mfg. Co., P. 
595, Troy, N. Y. 


VALVES, ELECTRICALLY 
OPERATED 


Conn. 
0. Rox 


(See Valves, Motor Operated.) 


VALVES, EMERGENCY TRIP 
Golden-Anderson Valve Spec. Co., 
_—— Bidg., Pittsburgh 22, 
‘a. 
Kennedy Valve Mfg. Co., Elmira, 
Wayne Junc- 


R-S Products 
tion, Philadelphia, 44, Pa. 


| VALVES, FLAP 


Chapman Video | Mfg. Co., Indian 
Orchard, 


lowa Valve Co. Oskaloosa, Ia. 
Josam Mfg. Co., 1302 Ontario St, 
Cleveland 13, Ohio. 


Kennedy Valve Mfg. Co., Elmira, 
Ludiow Valve Mfg. Co., Troy, 
N. Y. 
Fittings 
Ave., South Norwalk, Conn. 


R-S Products Corp., Wayne Junc- 
tion, Philadelphia 44, Pa. 


VALVES, FLOAT 
Chapman Valve Mfg. Co., Indian 
me Mass. 


Keenan Bidg., Pittsburgh 22, 


Graver Water Conditioning Co., 
216 West 14th St., New York 11, 


N. 
Iowa Valve Co., Ia. 
Kennedy Valve Mfg. Co., Elmira, 


Ludiow Valve Mfg. Co., Troy, 

Ross, Valve Mfg. 0o., P. 0. Box 

RS peek Wayne Junc- 
G Posteri Core. 44, Pa. 

s. » ee, Smith Co., York, Pa. 


VALVES, FOOT 
Chapman Valve Mfg. Co., Indian 


Crane Co., 836 S. Michigan Ave., 


Co., _— Wash- 
s 


na N Y. 
D St., South 
Boston, 
Grinnell Co., Inc., 260 W. Ex- 
St, Providence 1, R. L 
Towa Valve Co., Ta. 
my 4 Valve Mfg. Co., Elmira, 
las Valve Mfg. Co., 


VALVES, FOUR WAY 
American Water ae Co., 
Le ane 
Pay. Co., 30 


Ni 
one Ber wats z 


Ave., 
alve Co., 
"Keenan Bide, Pittsburgh 22. 
ide Engineering Corp., 222 

. Adams St., Chicago 6, ‘ti. 
Go., Ine., 2418 W. 
4, Pa. 
N. Lex- 

Pa. 
. 42nd St. 


83 Railroad | 
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VALVES, GATE 

Chapman Valve Mfg. Co., 
Orchard, Mass. 

Crane Co., 836 8. Michigan Ave., 
Chicago, nL 

W. 8S. Darley & Co., 2810 Wash- 
ington Bivd., Chicago 1 12, Ill. 

Darling Valve Co Hiamsport. 


a. 
Valve Co., Waterford, N. Y. 
H. D. Fowler Co., Inc., 901 Lane 
S. P. O. Box 3084, Seattle, 
lowa Valve Co., Oskaloosa, Ia. 
me Valve Mfg. Co., Elmira, 
N 
oY Engineering Corp., 222 
Adams 5St., Chicago 6, Tn. 
Ladion Valve "Mfe. Co., Troy, 


M. »*s Le. Valve & Fittings So. 


Indian 


Corp., 
. Kansas City 18, 


Kan. 
D. Wess Co., Public Ledger 


= ndependence Square, 
Phi iphia, Pa. 
R-S Products Corp., Wayne Junc- 


tion, Philadelphia 44, Pa. 
VALVES, HARD RUBBER LINED 


American 
1l Mercer 
N. ¥. 


R. 


Hard Rubber Co., 
St.. New York 13, 


VALVES, HYDRAULIC CYLIN- 
DER OPERATED 


Chapman Valve Mfg. Co., Indian 
o Mass. 

om Co., 836 3. Michigan Ave., 

Darling Valve & Mfg. Co., Wil- 


i ‘a. 
Valve Co., Waterford, N. Y. 
Fosbors Co.. emer 


Bidg., Pittsburgh 22; 


Pa. 
pee Valve 
udlow Vale "Mfg. 


Oskaloosa, Ia. 
iat Co., Troy, 
M. & H. Valve & Fittings Co., 
Box la. 


organ Smith 
Stuart Core. “ss * oy AA. St, 
Vogt Brothers ‘iis. Co., Louis- 
ville, Ky. 
VALVES, LUBRICATED PLUG 
Car & 380 
Chureh 8t., New Y 8, N. Y. 
Vi N. Lex- 
Pa. 
.. 2nd 
VALVES, MOTOR OPERATED 


Foxboro Co., Neponset Ave., Fox- 
- Valve Spee. Co., 
pone Bidg., Pittetereh 2: 
a. 
Graver Water Condition 
oye yt 14th St., New Py 
Mfg. Sg 12th & Liberty 
Valve sive Go, Oskaloosa, Ia. 
7 Valve Mfg. Co., Elmira, 
inns Valve Mfg. Co., Troy, 
Nordstrom Valve Div 
Ave., Pittsburgh, Pa. 
~~ and Co., 


Renssglaer Valve Co, Troy, N. 
a ok Mfg. Co, P af a 


Y 
R-S Products Cate dene 
§ Protests Gore. Werne 3 
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A. P. Smith Mfg. Co, 45 N Link-Belt Co. 2045 W. Hunting Foxboro Co., Neponset Ave., Fox- General Chemical Co., 40 Rector 
Arlington Ave, East Orange, Park Ave., Philadelphia 40, Pa boro, Mass. St.. New York 6, N. Y. 
N. J. Stuart Corp.. 516 N. Charles St Infileo, Inc., 325 W. 25th Place, Graver Water Conditioning Co., 
8. Morgan Smith Co., York, Pa Baltimore 1, Md. Chicago 16, IIL 216 West 14th St., New York 11, 
| Simplex Valve & Meter Co., 6743 N. Y. 
VALVES, — ky PLUG Snide VENTURI TUBES Upland 8t., Philadelphia 42, Pa. 
ve ndian i w so. 
Cn a s. Agtieasiphie 84, pies Co WATER MAIN CLEANING —_ 
aay Valve Co., Waterford, N. M .. 1072 Ivanhoe, Flexible Unéergrannd Pipe Clean- Lane, Philadelphia 18, Pa. 
Infileo Ine., 325 W. 26th Pl. ont . Ohio. ing Co., 9059 Venice Bivd., Los! Qakite Produets, Ine., 78 Thames 
cago 16, Il. i . Inc. 845 Angeles, Calif. , St., New York 
lowa Valve Co., om, > Harris Ave., Providence 1, R. 1. | National Water Main Cleaning | permutit Co., 330 W. a St., 
coaow Valve Mfg. Co., Elmira, Graver Water Conditioning Co., Co., 50 Church St., New York 7, New York 18, N. Y. 


tcbeside Engineering Corp., ' 222 ag a aOR Gh, ow Taek 2, Pittsburgh Pipe Cleaner Co., 133 | sy Hos gag) oo. yay 
W. Adams St., Chicago 6, Il. H. D. Fowle Inc., 901 La Dahiem St., Pittsburgh 6, Pa. mica! Div., Fifth Ave. at 
Valve Mfs. Co. Troy, . Fowler Co., Inc., 901 Lane 7 Bellefield, Pittsburgh 13, Pa. 
Ludlow Valve w- St. P. O. Box 3084, Seattle, aa poy a11 e sith St., | Proportioneers, Inc., 345 Harris 
Merce Nordstrom Valve Co., 400 Stuart Corp, 616 Ne Charles St., Ave., Providence i, R. I. 
N. Lent Ave, Pittsburgh,| Foxboro Co. Neponset Ave., Baltimore 1, Md. Stuart Corp., 516 N. Charles St., 
Pa. Foxboro, Mass. Baltimore 1, Md. 
M. & H. Valve & Fittings Co. Infileo, Inc., 325 W. 25th Place, WATER MAIN PACKING Zeolite Chemical Co., 140 Cedar 
P. O. Box 909, Anniston, Als. Chicago 16, Ll GASK St., New York 6, N. Y. 
Roberts Filter Mfg. Co., Darby,| Simplex Valve & Meter Co., 6743 ; : 
. : a esc & Co., Spring Valley, 
Pa. Upland St., Philadelphia 42, Pa. N. Y. | WATER TREATMENT PLANTS 


VALVES, PRESSURE REDUCING | VIBRATING SCREENS (Liqeid) | WATER MAIN poor A , Mie. C 
Cygomes Valve Mfg. Co., Indian Chaia Belt Co., 1600 W. Bruce St., STERILIZATION (A Service) 76th ae illeetbes Whe 3. 
ass. ilwaukee 4, Wis. Alan A. Wood i y 
Crane Co., 836 5S. Michigan Ave., Link Belt Co. 2045 W. Hunting see x hing Pa yyy  ~ creed Co., Phila- 
Park Ave., Philadelphia 40, Pa. *hiladelphia, Pa 
e Pitts. Plate Glass Co., Columbia | Chicago Bridge @ Iron Co., 
VISES, PIPE field. ventemntk te eed : 
Ridge Tool Co., Elyria, Ohio. Proportioneers, Inc., 345 Harris Graver Water Conditioning Co., 
Trimont Mfg. Co., Div. of Aetna Ave., Providence 1. R. I oe + a 14th St., New York 11 
Industrial Corp., 55 Armory St., 
Roxbury 19, (Boston), Mass. WATERPROOFING PAINTS, | Inflco, Ine. i S08 W. 25th PL, Om- 


N cago 16, 
VITRIFIED CLAY PIPE AND COMPOUNDS AND MATERIALS | 1; akcside Engr. 


PRODUNTS Meng Point Mfg. Co, 30m ond Adams St., Chicago 6, Ill. 

° gnes Ave., Kansas City 1, Mo. 3 
Aver-MeCare! Regan Clay Co., Haynes ——- os 4007 Farnam Mew York i8, 6. Y peng 

St., Omaha 3 ebr. Pittsburgh-Des Moines Stee! Uo., 
me wo-y 4, 8 ae ~_" 4 Inertol Co., Newark 5, Neville Island, Pittsburgh 25, 
& Pe. sag: Johne-Manville, 22 £E. - 8t., Pa. 
| ew Yor ity. Proporti . Ine., 345 
urch St. New York 8 A, WASTE GAS BURNERS Koppers Co., Ine. Koppers Blie.,| "Ave. Providence i, RL 
D Orchard, Mas Fotis: Pied Task Oo. ti arene ere WEED BURNERS 
Crane Co., 836 S. Michigan Ave., a Ave., Chicago 13, WATER SOFTENING CHEMI- | . S. Darley & Co., 2810 Wash- 
CALS AND COMPOUNDS yy 2. Blvd., Chicago 12, Ill. 
WATER ANALYSIS EQUIPMENT (See Individual Chemicals for 
AND REAGENTS Water Purification and Softening) | WEED KILLERS 


| P 
Valve Co., Oskaloosa, (See Laboratory Apparatus and . Clorober Corp., 15 Exchange Pi., 
. canedy Valve Mfg. Co., Elmira, Reagent, ) ba + wet, 2, N. Z- ‘ 
4 4 | . S&S. Darley ‘o., 2810 Wash- 
pases Valve Mf. Co., Troy.| WATER HAMMER ARRESTERS ag ag a - oe. bn ng Ss. j ..- ag CBheege 12, ~ 
im 70 ilwaukee is. >. B. Dalge Co., estport, nn 
Meller Co., 00g, 0, Gane Gordo =. ery Fl a, oe Amer. Wome Fetes Co., Phila- Dew Chemica! Co., Midland, Mich. 
“1. 8 — ° . j . Pa. ; 1 Che 1 Di 0 R 
| Neptune "Me Meter Co., 50 West 50th Wash. Pe ad Well Works, 100 N. “St. New Yok 6, wy ¥ a 
a 20. Josam Mfg. Co., 1302 Ontario St., Broadway, Aurora, Ill Penn. Salt Mfg. Co., 1000 Widener 
Nora Vaive Co., 33 Railroad Cleveland 13, Ohio. Builders - Providence, Inc., 3 Bidg., Philadelphia 7, Pa. 
Ave., South Norwalk, Gee... Ross vee Mfg. Co., Box 595, cS .— _Provt ae 1 & reas Bodee Refining Corp., 40 
Troy, Chemica uipment Co. yg t., York 5, N. Y. 
me Products, Corp. ak June- Box sees, Terminal Annex, Los . ‘gy che 
jon iladelphia Ange 54, Calif. LET 
S. Morgan Smith Co., York, Pa. Dorr Co.. ns., Barry Place, Stam- WELLS, COMP z 
LVES, RUBBER. GLASS AND ford, Gon Layne-Bowler, Inc., P. O. Box 215, 
LEAD WATER LEAK, LOCATING Everson Mig. Co., 214 W. Huron Hollywood Sta., Memphis 8, 
"American S Haré Rubber 11| INSTRUMENTS St, Chicago, TL i 
ercer St.. New York 13, oe. Y. W. S. Darley & Co., 2810 Wash- Genera! Chem. Div., 40 Rector St., . 
Grime” ° Inc., 260 W. Ex- ington Blvd., Chicago 12, Ill. | _ New York 6, N. Y. 2 WIND VANES AND 
change St. Providence, R. Fisher Research Lab. Inc. 1961 Graver Water Conditioning Co., INDICATORS 
R-8 a be June- University Ave. Palo Alto, a A nse Ith St, New York 11,/ MM. C, Stewart, Ashburnham, Mass. 
ie Seerenn een. York, Pa. Calif. Infilco, Ine, 325 W. 25th Place, WRAPPING, PIPE 
H. D. Fowler Go. Inc., 901 Lane Chicago 16, Ill. | See Pi w 


ALVES, SPECIAL, auTomaTic| 8. P. 0. Box 3084, Seattle, | Lakeside Ener. Corp., 222 W. | Se Weannine) 
| (Including Remote Control.) 





S3Z 
: Michigan Ave., Chicago 4, 





Adams St., Chicago 6, Ill. 
Gube "Phone Mfg. Co., Reading, F. B. Leopold Co., Inc., 2418 W. WRENCHES. REVERSIBLE 
> penectty, Srantjens & Co., Hazle- ene o wav. @ . nee *. Pittsburgh 4, Pa. RATCHET 
ton, lenoaks | iquid Conditioning Corp., 114 E Dres: Mfg. Co., 261 Fis Ave., 
Fischer & Porter Co., Hatboro, Bivd. Glendale 1, Calif. erie Sts Linden. N. J. oo 
“~" ilton Roy Co., 1329 E Mermaid | Eddy Valve Co., Waterf N. Y. 
Fomboro Co. Neponset Ave. WATER LEVEL CONTROL | plane, Philadelphia 18, Pa. | ares: _ 
‘oxboro, M: ermutit Co. . in it. 
een Spec. Co., Automatic Control Corp., 1005 | ay *| WROUGHT IRON 
“‘feonan Bide, Pittsburgh 22: University Ave, St. Paul 4 | piece Dobe bt: Gn. Beste, Pa. Wise, Guten, Base, Bie) 
— Stuart Corp. 516 N. Charles St,| A.M. Byers Co. Clark Bids.. 
lows, Valve Co., Oskaloosa, I Builders - Powvigonse, “ine. 365 | — Baltimore i, Md. Pittsburgh, Pa. 
Kennedy Valve Mfg. Co., Eimira, Ha .. ‘od jE | Walker Process Equip., Inc., 518 


N. Y. Hankes Ave., Aurora, Lil. ZEOLITE AND ZEOLITE 
Nordstrom by am Div., 400° % Zeolite Chemical Ce. Je Cedar | SOFTENERS 
i ve, & . 


Porter Co., Hatboro, | St, New York 6, 





Allis-Chalmers | Mts. Co, 1192 8. 
70th St., i 1, . 
w. , oe St., Foxboro Co. Neponset Ave., Fox- WATER STABILIZATION Png ~*- ot en bo. Phile- 

- ( m er) delphia 33, Pa. 
ee ine mPa" Av | Calgon, Inc., 328 4th Ave., Pitte-| Chemical Equipment Co. P. 0. 
Infileo, Inc., 325 W. 25th Pl, Chi burgh 30, Pa. SS Se Annex, Los 
rc . Ge 1 Chem. Div., 40 tor St., Angeles 54, Cali 
Simple 7 —< &@ Meter ezas | oe "y caw © Graver Saee Saas ,Oe.. 
mprex Vaive Co., 216 West 14th St., 11, 
Upland St., Philadelphia 42, Pa. Wall Doge Refining 7 « saan taps 
i kt 4 ~*~ Co. P. O. Box 
fe 7 
WATER SUPPLY CONTRACTORS 
R-S Products Cor Wayne Junc- | 
VaLyee, wasen mares tion, Philadelphia 44, Pa. (See Contractors) 
, Wabash, Ind. WATER TREATMENT FOR 
oy vow WATER LEVEL RECORDERS SCALE AND CORROSION eee Sta, Memphis 
Bailey Meter So 1072 Ivanhoe Amer. Water Softener Co., Phila- : w. 4d St. 
pote Ciereiand, Obie deiphia 33. Pa. a oe 
ers rovidence. Ine., 345 Allis-Chalmers Mfg. Co., 1192 S. Roberts Filter Mfg. Co., Darby, 
we a he FAR 70th St.. Milwaukee 1, Wis. Pa. Ghaskis Gu 00 Gola 
; Calgon, Inc., 823 4th Ave, Pitts-| Zeolite . 
Pe burgh 30, Pa. St, New York 6, N. Y. 
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WATER AND SEWAGE WORKS INFORMATION 
Where to Find It 


LINN H. ENSLOW 


Editor 
‘Water & Sewage Works’ 


LIST NO. I—FOR WATER WORKS MANAGERS AND OPERATORS 
{For Small and Moderate Size Systems,| 


Books Publishers Authors 
American Civil Engineering Handbook—Sth Ed. ($9.00)...John Wiley & Sons, New York City . Merriman & Wiggin 
Bul. No. 21 (a Handbook on Hydraulics) (F). ...National Tube Co., Pittsburgh, Pa. ‘ peel 
Census of Water Treatment Plants A.W.W.A. 

Chlorine Manual (F) i aaa The Chiorine Institute, New York 17, N.Y. 
Conversion Factors for Engineers (F). .... The Dorr Co., New York City. ” reset : , 

Copper Sulphate in Control ot Micro Organisms (F ) Pheips Dodge Refining Corp., New York C ity Hale 
Elements of Water Supply Engineering (2nd Ed.) ($4.00) John Wiley & Sons, New York City... ; .... Waterman 
Engineering Data in Flow ot Fluids in Pipes (F) Crane Co., Chicago. ; PAs PRYOR ES 
Examination of Water—éth Ed. ($3.50) John W iley & Sons, New York City. Mason & Buswell 
Fire Engine Tests and Fire Stream Tables (F). National Board of Fire Underwriters, N. Y. C. ; ‘ 
Handbook cf Cast Iron Pipe (F). Cast Iron Pipe Research Assn., Chicago.... ; obdnvinthadiids 
Handbook of Fire Protection ($4. 50)... dons ...-D. Van Nostrand Co., New York City Crosby, Fiske & Forster 
Hydraulic Tables—3rd Ed. ($2.50) ; John Wiley & Sons, New York City Williams & Hazen 
Lab. Manual—Water and Sewage Analysis, 

3rd Ed. ($3.00) .......... w«-ueeeee McGraw Hill Co., New York City Theroux, Eldridge, Mallman 
Lefax “Date Sheets for Loose Leaf Note Books. Lefax, Inc., Philadelphia, Pa. Various 
Manual for Water Plant Operators ($6.50) Chemical Publishing Co., Brooklyn 2 2, N. Y., c/o State Dept. H..._A. A. Hirsch 
Manual for Water Works Operators ($3.00) Texas Water and Sewage W orks Assn. Austin, Tex... Various 
Manual of Recommended Water Sanitation Practice ( 15c)..U.S. Govt. Printing Office, Washington, D.C. ¥ Ps 
Manuals and Specifications of A.W.W.A...... Amer. Water Works Assn. New York City 

Manual of Water Qyraliv and Treatment (2nd Ed.) , 

Manual of Water Works Accounting ($4.00) 

Procedure for Disinfecting Water ains ($0.15) 

Recommended Practice for Distribution System Records (2nd Ed.) ($0.45 

Recommended Practice for rare! and Repainting Elccated Tanks, an 

Standard Specificationg for Cold Water Meters (3) ($0.20 each) 

Standard Specifications for Threads for Underground Service Line Fittings 
Microscopy of Drinking Water (4th Ed. $7.50) ..... John Wiley & Sons, New York City . Whipple-Fair 
pH Control (F) ....W, A. Taylor Co., Baltimore, Md. x aa 
Plane Surveying ($5.50) John Wiley & Sons, New York City , escesneneeee I FACY 
Plumber’s Handbook ($4.00) isheai McGraw-Hill Co., New York City... Dibble 
Public Water Supplies—4th Ed. ($6. 50) John Wiley & Sons, New York City. Turneaure & Russell 
Reference Bibliography for Water and Sewage Works... Gilbert Associates, Inc., Reading, Pa. vt 
Stand. Meth. of Wtr. and Sewage Anal., 9th Ed. ($4.00). A. P. H. A. and A. W. W. A., New York City Various 
Taste and Odor Control in Water Purification (F) Industrial Chem. Sales Div., New York 17, N. Y. ne ERG 
Technical Bulletins on Chlorination (F) Wallace & Tiernan Co., Newark, N. J _.. Various 
The Operation of Water Filtration Plants (F) N. C. State Dept. Health, Raleigh, N i pad 
Water Purification ($7.00) ....... McGraw Hill Co., New York City Boe Natt MSs _Elims 
Water Purification Control, 3rd Edition Williams & Wilkins, Baltimore, Md. ; aE: : Hopkins 
Water Purification for Plant Operators ($2.50) McGraw Hill Co., New York City Me Norcom and Brown 
Water Rate Structures in America (F) Public Service Commission of Wi 4 3 Madison, Wis 
Water Supply Control (nominal charge) N. Y. State Dept. Health, Albany, N. 

Water Treatment and Purification 2nd Ed. ($2.75) McGraw Hill Co., New York ra Rvan 
Water Works Engineering in Disaster (F) 0.C.D. Pub. No. 2022, Washington, D. C. McCallum 
Water Works Handbook ($7.00) McGraw Hill Co., New York City. F lynn, Weston & Bogert 
Water Supply & Treatment, 3rd Ed. ($0.75) National Lime Assn., Washington, D. C Hoover 


(F) Available as Free Publication at this writing 


LIST NO. 2—FOR MANAGERS, CHEMISTS AND OPERATORS OF LARGE WATER WORKS 
(In addition to List No. 1) 


Books Publishers Authors 
Applied Hydraulics ($7.50) John Wiley & Sons, Inc., New York City... ; Addison 
Bibliography on Water & Sewage Analysis Ga. Inst. Tech. Weil. Murray & Reid 
Boiler Feedwater Purification ($4.00) McGraw-Hill Co., New York City......... 3 Powell 
Business Administration for Engineers ($5.00) . McGraw-Hill Co., New York City eniae Harding { & Canfield 
Business Law for Engineers ($4.00)... ; McGraw-Hill Co., New York City...... _..Allen 
Chemistry of Water and Sewage Treatment**** Chemical Catalog Company, New York City****_...... _.Buswell 
Concrete Engineers’ Handbook ($6.00)............. McGraw-Hill Co., New York City... } ! Hool & Johnson 
Corrosion; Causes and Prevention ($7.00) é ew John W: «| & Sons, Inc., New York City. Uhlig 
Corrosion Handbook ($12.00) McGraw-Hill Co., New York City...... one .Speller 
Data Book on Design for Civil maere (3 Vols.) Tohn Wiley & Sons. Inc., New York City ; Elwyn E . Seelye 
Deep Well Drilling a The Gulf Publishing Co.. Houston, Tex. : sss... Walter H. ‘Jeffery 
Design of Dams ($5.00) eats cwseenessreenseeeene MeGraw-Hill Book Co., New York City eA ...Hanna and Kennedy 
Elements of Hydraulics**** John Wiley & Sons, New York City... a9 __..... Merriman 
Elimination of Tastes and Odors in Water ($5.00)... McGraw-Hill Co., New York City......... ‘ : ut ~_Bayills 
Financial Administration of — Utilities ($3.75)... Public Administration Service enner 
Fresh Water Biology ($8.00 ; ; John brig! & Sons. New York City...... ee Ward & Whipsle 
Fresh Water Algae ( ($6.0). ill Co.. New tg City... ote t sad anke 
Geomorphology astlats pcan McGraw-Hill Book Co., Inc., New York City... 

Ground Water ($6.00)... : : McGraw-Hill Book Co., New York oo abel 


(Continued on page R-14) 
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LIST NO. 2—FOR MANAGERS, CHEMISTS AND OPERATORS OF LARGE WATER WORKS (Con'’t.) 
(In addition to List No. 1) 


Books 
Ground Water, Its Development, Uses & Conservation 
Guiding Principles of Public Service Reg. (3 Vols. 
Handbook of Applied Hydraulics ($7. : 
Hydraulics Sth |. RRR Ae STP 
Index to Jour. of A. W. W. A.—1881-1933 ($2.00) 
“Industrial Water Supplies” (nominal charge) ... 
Laboratory Control of Water Purification ($4.00 
Mechanical Engineers’ Handbook—llth Ed. ($000) a 
pH and Its Practical Agptaticn ($8. am. 
Physics of the Earth IX. 
Plumbing Engineering ($3. 50). 
Pocket Companion (nominal) .. 
Public Health Engineering—Vol. I (7. 50). 
Public Utility Rates****. ‘ 
Public —_ Rate Structures ($400)... 
Pum andbook . 
Ratnfeil on and Runoff ($9.00). 
Standards of Hydraulic Institute—8th Ed. ($3.00). 
Standard Practices for Stationary Diesel Engines ($2.50). 
Summary of Census Data on Water Treatment Plants 
in the United States... ; 
Textbook of Bacteriology ($8.00 
The Hardy Cross Method of Distbation System Design. 
The Quest for Pure Water ($5.00 
Theory and Practice of Public Utility “Valuation****. 
Valve Manual ($2.00). 
Water Bacteriology—6th Ed. ($4. 50) 
Water Borne T id Fever Outre (nominal)... 
ater Supply and Sewerage ($5.00 
ater Supply Engineering (4th Ed. Pay 
ater Supply Paper No. 658 (Quality of Waters) -. 


Publishers Authors 
Edward E. Johnson, Inc., St. Paul, Minn......... ....- Bennison 


...Public Utilities Reports, Inc., Rochester, N. Y.. 


McGraw-Hill Co., New York City... 


..McGraw-Hill Co., New York City... 


Am. Water Wks. Assn., New York City... 

Ohio Geological Survey, Columbus, Ohio... 

Case, Sheppard, Mann Pub. Co., New York 13, N. Y.. id 

John Wiley & Sons, New York City... Cee Ss = 
Williams % Wilkins Co., Baltimore, Md... LaMotte, Kenny “& Reed 


.....McGraw-Hill Book Co., Inc., New York City... “= ...Oscar E. Meinzer 
..Pittman Publishing Co., a SES Cleverdon 
....Carnegie-Steel Corp., New York City 


ohn Wiley & Sons, inc., New York 16. Tis Miieainbseaboetgpasiianenes ....Phelps 
cGraw-Hill Co., New York ny, nah . 


McGraw-Hill Co., New York City... Tina 
..National Press, Millbrae, Calif 5 TRS eee 


MacMillan Co., New York City... ...F oster 
Hydraulic Institute, New York 6, N. ° PP ER AD ET ES 
-Diesel Engine Mig. Assn., Chicago, i 


..Am. Water Works Assn. Reprint... U. S. Pub. Health Service 


D. Appleton & Co., New York City......... 

Univ. of Illinois Engr. Exp. Sta. Bul. No. 286.. ree - 

Amer. Water Wks. Assn., New York 18, No Yoo... ccccceceeseeeseeeeenenee 
McGraw-Hill Co., New York Cayor Maltbie 
Mo. Water & Sew. Conf.. .Lischer 





John Wiley & Sons, New York 16, WN. Y... Prescott, Winslow & McCrady 
-. Am. Public Health Bureau... disastiniiie «ee Wolman & Gorman 
McGraw-Hill Co., New York City... Steel 

..McGraw-Hill Co., New York City... ET Babbitt & Doland 





...U. S. Geological Survey, WwW ashington, SA Sealey seveeseee tabler 


LIST NO. 3—FOR OPERATORS AND MANAGERS OF SMALL SEWAGE WORKS** 


lorination in Sewage Treatment****..... 
lorine Manual (F) 
‘3 Manual of Water and Sewage Anal. 3rd Ed. ($3. 00). 


Books 
= Treatment of Sewage (nominal)... 





anual for Sewage Plant Operators ($3.50). 
anuals of the Federation of Sewage Works Assns.. 
Municipal Sewer Ordinances 
Occu om me — a in Operation of Sewage Works 
i 


Uultention of am Slud es Portiliner 
anual of Sewage Works tion****___. rae 
ration and Control of Sewage Tremont Plants... 
rinciples of Sewage Treatment ($0.50 ’ 


eference Bibliography for Water and — s ddimanil 


eprints of Technical Papers on 
Chlorine in Sewage Treatment (F)~ 


‘The Chlorine Institute, New York 17, ‘N. 





wage Treatment ($3.50) —.. vA ° 
wage Treatment Works ($6.00). . 
werage and Sear fo) Disposal Textbook ($6. 00). sed 
wer Rentals ($1 
tand. Meth. of Water and wrt punmened 

| 9th Ed. ($4.00)... ot 





Publishers Authors 


Amer. Pub. Health Assm., No Yo Coe ceeecceseeseeneloe-sesseeeeCommittee Report 
...Committee Reports 


“McGraw-Hill Co., New York City........... Paes “Eldridge & Mailman 


.. Lexas Water & Sewage Wks. Assn., c/o “State out of Health... 
....Champaign, Ill. . 


ae sey Sewage Expt. Sta., New Sa, N. J.#*** 


ork State Dept. Health... ..N. Y. State Dept. Health 
National Lime Assn., Washington, ym W. Rudolfs and Staff 


Gilbert Associates, Ine., Reading, Pa... 


Wallace & Tiernan Co., Newark, N. J... 


.. John Wiley & Sons, Inc., New York City... Dini Imhoff and Fair 
.McGraw-Hill Book Co., New York City s Keefer 
..... McGraw-Hill Co., New York City... wliaiedeile ..Metcalf & Eddy 
~Am. Public Works Assn., Chicago... pet See senseseeeee Various 


.... Amer, Pub, Health Assn., N. Y. C.... A. W. W. A.-A. P. H. A. 





_— 
**Ne works men should examine Lists 1 and 2—also for several (F) publications of value to all alike—for instance, “Conversion Factors 


ote—Sewage 
for Engineers” and the handbooks. 


LIST NO. 4—FOR MANAGERS, CHEMISTS AND OPERATORS OF LARGE SEWAGE WORKS** 
(In addition to List No. 3) 


Books 
American Sewage Practice 





Vol. 3, Sewage Treatment ($7.00). 
Industrial Waste Treatment Practice ($5.00 
Modern Sewage Disposal ($3.80) e000." at 
Municipal and Rural Sanitation, sy Ed... 
Public Health ineering—Vol. I ($7.50). 

aste Treatment........ 


an Co., New York City 
Federation of Sewage W orks ‘oan New York City.................. 


John Wiley & Sons, Inc., New York 16, N. 
Govt. Printer, Adelaide, "Australia J. N. 
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M & H VALVE AND FITTINGS COMPANY 


ANNISTON, ALABAMA 





LIFE TIME 


SERVICE 


HUB ENDS .... FLANGED ENDS 
UNIVERSAL OR STANDARDIZED 
MECHANICAL JOINT 


VALVES—AWWA approved iron body, bronze mount- 
ed with double disc paralled seat or solid wedge. Hon- 
rising stem, outside screw and yoke . . . hydraulic or 
motor operated . . . spur or bevelled gear . . . square 
bottom and low pressure. Also, approved Underwriters 
and A.F.M. series. 


HYDRANTS-—Standard A.W.W.A. types, also Under- 
writers and A.F.M. approved. Dry top, revolving head, 
easy to lubricate, High efficiency because barrel di- 
ameter not reduced and there are no working parts or 
obstructions in waterway. Special Traffic Model de- 
signed to yield under impact and be repaired by re- 
newing breakable bolts and coupling. 


M & H PRODUCTS INCLUDE 


FIRE HYDRANTS EXTENSION STEMS 
GATE VALVES SHEAR GATES 
WALL CASTINGS MUD VALVES 
SPECIAL CASTINGS FLAP VALVES 
TAPPING SLEEVES SLUDGE SHOES 
and VALVES FLANGE and 
CHECK VALVES FLARE FITTINGS 
FLOOR STANDS FLANGED FITTINGS 
SPRING LEVER 8 & S FITTINGS 
CHECK VALVES CUTTING-IN TEES 
ELECTRIC MOTOR HYDRAULIC 
OPERATED VALVES OPERATED VALVES 


Wak) VALVE 


AND FITTINGS COMPANY 


ANNISTON, ALABAMA 


W. & S. W.— Rurzzence & Data— 1950 





R-16 


UNITED STATES PIPE AND FOUNDRY CO. 


General Offices: Burlington, New Jersey 
SALES OFFICES 


Sen Francisco Pittsburgh Cleveland 
Kansas City 


Boston 


Minneapolis 
Dallas Heuston Les 


Makers of 


SUPER-DE LAVAUD CENTRIFUGALLY CAST IRON PIPE 


PIT CAST IRON PIPE AND FITTINGS : 

U. S. STANDARDIZED MECHANICAL JOINT PIPE 
THREADED PIPE IN IRON PIPE SIZES P 
WEBRE INDUSTRIAL AND SUGAR APPARATUS 


Super deLavaud Pipe with B&S Joints 
Super-deLavaud Pipe with bell and spigot joints is available in 
all sizes from 3” to 24” and in 12-foot and 18-foot lengths. The 
joint is particularly adaptable for lead, cement, joint compound or 
rubber ring assembly. The centering ring insures easy alignment 
and uniform distribution of the jointing material. The process by 
which this pipe is produced assures concentricity, evenness of metal 
and freedom from sand or slag inclusions. The bell and spigot 
jeint, made with lead or other jointing materials, shows ample 
strength to resist pulling apart. If required to meet service con- 
ditions, pipe will be furnished with special linings. All Super-de 
Lavaud Pipe with bell and spigot joints are made to meet Federal 

Specification WW-P-421. Write for descriptive booklet. 


Yur; 
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FLANGED PIPE AND FITTINGS 
FLEXIBLE JOINT PIPE 

LARGE CASTINGS TO ORDER 
USICAST CHEMICAL CASTINGS 


Threaded Cast Iron Pipe Centrifugally Cast 


Super-deLavaud Cast Iron Pipe is now being manufactured in 
“iron pipe sizes” with threaded joints to meet the demand for a 
better and more durable pipe. There are two distinct types of 
service for which Super-deLavaud Cast Iron Pipe may be used: 
pressure service for water, gas, steam or similar liquids and gases ; 
and drainage service. Pressure pipe is made to meet the require- 
ments of Federal Specifications WW-P-421 and is supplied in three 
classes: standard, extra-strong and double-extra-strong. Drainage 
pipe, used for waste, vent and drain work, is a lighter pipe for use 
in buildings and elsewhere where a tight screw-coupled joint is 
needed. Drainage pipe is made to meet the requirements of Fed- 
eral Specifications WW-P-356. 


THREADED CAST IRON PRESSURE PIPE 
(Made to meet the requirements of Federal Specifications WW-P-421) 
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THREADED CAST IRON DRAIN PIPE 
For Waste, Vent and Drainage Service 
(Made to meet the requirements of Federal Specifications WW-P-356) 
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U. 8. STANDARDIZED MECHANICAL JOINT 
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We are now prepared to furnish U. S. Standardized 
Mechanical Joint Pipe and Fittings in sizes from 3” to 24” 
with parts that are interchangeable with those furnished 
by other manufacturers of cast iron mechanical joint pipe. 
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PURCHASING WATERWORKS SUPPLIES AND SERVICES" 


JATER works officials responsible 

for analyzing a set of bids often ap- 

pear to forget that the law enforces ac- 

ceptance not of the lowest bid, but of the 

lowest and best bid. The best bid may be 

the highest in dollars and cents but it may 

easily be the most adantageous to the city 
because of other factors involved. 

Of course, during the last few years, 
and particularly during the war, most pur- 
chases were probably made wherever the 
materials could be obtained and too little 
consideration was given to price and quality 
To some extent, availability of equipment 
and materials is still the deciding factor, but 
when freedom of choice is possible water 
works men should exercise considerable 
caution in buying. Under the law they have 
a great deal of latitude in the selection of 
materials, supplies and services to be pur 
chased 

The city manager or council may insist 
on the purchase of the cheapest article, but, 
if the water works man knows his business 
as he should, he will be able to demonstrate 
that the cheapest buy may not be the best 
one for the city. He has the responsibility 
for getting on record a recommendation that 
is best for the city and he will be derelict 
in his duty if he takes the easy way out and 


recommends the lowest price every time 


Admittedly it requires some courage to take 
more difficult position of proving that the 
more expensive article is 


best over the 


years. 


Court Decisions 

Most city charters require that the lowest 
and best bid be accepted, and the courts 
have held that it is not necessary to accept 
the lowest bid but that of the lowest re- 
sponsible bidder. In the case of O’Brien v 
Carney (6 Fed. Supp. 761) the court stated 
that “responsibility” means more than a pe- 
cuniary ability to perform the conditions 
of the contract; “it includes also judgment, 
skill, ability, capacity and integrity.” In 
Interstate Buick v. Philadelphia (164 Pa 
477) it was held that: “ ‘Lowest responsible 
bidder’ means not only pecuniary ability 
but judgment and skill, and discretion will 
not be controlled to prevent an award to 
a higher bidder.” In Clayton v. Taylor (49 
Mo. App. 177) the court ruled: “Lowest 
responsible bidder’ means fitness, responsi- 
bility or capacity to perform work, and the 
determination by council that another was 
not such will not be reviewed.” 


Federal Regulations 

The United States government now rec- 
ognizes the difference in quality of various 
articles and Section 245 of the Navy Pro- 
curement Regulations reads, in part: 

245.1 Responsible Bidder. A responsible bidder 
is a bidder who: (a) is qualified and eligible, by 
law and under this regulation; and (b) is finan 
cially responsible, and able successfully to fulfill the 
contract requirements. 

245.2 Other Factors to Be Considered. Other 
factors besides price that may be considered in 
making an award are the following: (a) judgment, 


*This paper, presented before the Southwest Sec 
tion of A.W.W.A., is here published by permis 
sion of the Association. 


HOMER A. HUNTER 
Consulting Engineer, Dallas, Texas 


skill and integrity of a bidder; (b) reputation and 
experience of a bidder, and prior work of a similar 
nature done by him; (c) foreseeable costs or delays 
to the Government resulting from difference in in 
spection, shipping, location of supplies, etc.; 
(d) changes made or requested in any of the 
general or special provisions; (e) restrictions or 
conditions imposed in the bid; and (f) disad 
vantages to the Government that might result from 
making split awards 


Federal Supply Bureau regulations and 
army procurement regulations also define 
“responsible” bidders in similar language 

The low-bid procedure used by many city 
governments in making purchases has 
placed too great an emphasis on price and 
has eliminated high quality manufacturers 
Often the low bidder proposes to furnish 
an article difficult to reject under the speci- 
fications but lacking intangible elements of 
which the more able manufac 
Specifications and even in- 
spection are complete and adequate 
quality controls. Specification of design is 
relatively easy but specification of quality 
level is almost impossible. For example 
proper design and materials may be used in 
the manufacture of a fire hydrant and it 
may come up to the standards set by the 
specification ; yet the workmanship and ap- 
pearance of the hydrant may be well below 
the desired standard. 


top quality 
turer can supply 
not 


Manufacturers’ Service Facilities 


In making purchases of water work ma- 
terials and supplies, consideration should 
also be given to the facilities provided by 
the manufacturer for servicing the equip- 
ment after it is installed. Because many 
water work items require constant careful 
periodic servicing is extremely 
important. If the manufacturer has ade- 
quate service facilities, the city may enjoy 
a considerable saving by not having to keep 
parts in stock for repairs. 

The federal government is placing more 
and more emphasis on the manufacturer’s 
service facilities. Recently the Veterans’ 
Administration prepared a specification for 
the purchase of certain X-ray equipment 
which would eliminate all manufacturers 
who did not have established repair and 
maintenance facilities. As a result of com- 
plaints by manufacturers to the comptroller 
general, that official wrote to the Veterans’ 
Administration : 

Tt has been held consistently by the accounting 
officers that the determination of governmental 
needs and drafting of specifications and advertise- 
ments therefor are primarily matters of administra- 
tive responsibility, and when the specifications re- 
flect actual minimum needs of the Government for 
a particular purpose, they are not unduly restrictive 
of competition merely because one or more manu- 
facturers may not be able to meet their require- 
ments. . In connection therewith, it is understood 
that, in view of the nature of the equipment in- 
volved, the proper maintenance of such equipment 
by the successful bidder is of prime importance. 

. Accordingly, you are advised that, if it be 
determined that only bidders having established re- 
pair and maintenance facilities can meet the specific 
requirements of the Veterans’ Administration for 
the particular equipment here involved, this office 
will not be required to object to the insertion of a 
clause in the invitation for bids excluding all other 
bidders. 

Another item that might likewise be of 
considerable importance is the location of 


operation, 


spare-parts stocks maintained by the manu- 
facturer. It is often necessary to obtain re- 
pair parts quickly for certain apparatus and 
equipment, and stocks of spare parts close 
by are very comforting 


Hiring Consultants 

The purchasing of special services is also 
of importance in water works operations 
and should be taken into account. When 
there is a need for an engineer or other 
specialist to analyze some particular con- 
struction or operating problem encountered, 
the utmost care should be exercised in the 
selection of the proper individual for the 
job. In developing a new water supply or 
treatment plant or planning additions to the 
distribution system or the sanitary sewer 
system, the engineer with the best training 
and experience should be employed because 
he will be able to do the most for the least 
number of dollars spent. The services of a 
capable engineer can be purchased for 
about the same amount as those of one less 
well trained, and there will be no com- 
parison between the character of work done 
by the two. The operator must live with the 
works of the engineer, and the better the 
engineer, the smaller the operating prob- 
lems will be. Engineers should be selected 
because of their experience with the partic- 
ular type of job to be done. The possession 
of an engineer’s license is not sufficient 
qualification. 


Conclusion 

Water works men have a great re- 
sponsibility in purchasing materials, equip- 
ment, supplies and services, and they also 
have the legal right to purchase the best 
quality available to them. In considering the 
purchase of such items, it is entirely legiti- 
mate for the purchaser to condition the 
award of the contract on a number of per- 
tinent factors. For materials, supplies, 
apparatus and equipment, these factors are: 
[1] Reliability of operation of similar or 
identical equipment ; 
Proven life of the material or equip- 
ment ; 
Probable cost of repair and upkeep; 
Speed with which repairs can be made; 
Ease of a bly and di bly ; 
Availability of repair and maintenance 
facilities and parts stocks maintained 
by the manufacturer ; 
Advantages of standardization of equip- 
ment such as meters, valves and fire 
hydrants ; and 
[8] Interchangeability of equipment. 


For services, the conditioning factors are : 

{1] Experience in doing work similar to 
that contemplated ; 

[2] Training of individuals involved ; 

[3] Responsibility and integrity of indi- 
vidual or company ; 

[4] Experience in othér work closely asso- 
clated with the particular job to be 
done ; and 

[5] Facilities available to the individual or 
company for doing the work. 





[7] 
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ROSS VALVE MFG. CO., INC. 


TROY, NEW YORK 





AUTOMATIC CONTROL & PRESSURE REGULATING VALVES 
For Water Works and Fire Departments 


For accurate service, the automatic control and pressure 


ing valves must be right as to 


type and size for the service required. Our W. R. Type, cast iron, bronze mounted valves 
in sizes from 4” to 30” are guaranteed for services for which they are designed. 


Altitude Valves 
Single Acting 
Medel 40 AWR — semi-throttling hy- 
draulic control to prevent overflow of 
tank, standpipe or reservoir or to 
maintain a positive adjustable head for 
washing and filtering operations. Pilot 
adjustment ran to 30 ft., WH to @ 
ft., @ to 150 ft. 
Medel 30 AWR—wide open or closed 
hydraulic control to prevent overflow 
of tank, standpipe or reservoir. Pilot adjustment range 4 to 
30 ft., 30 to GO ft., @ to 150 ft. 
Other single acting altitude valves combine back pressure or 
felief valve and pressure reducing functions. 


uble Acting 
lodel 40 DAWR—to prevent overflow in tank or reservoir 
d to allow return flow to distribution system when head on 
k side is three inches higher than head of distribution 
tem. These valves may be equipped with Remote Hy- 
ulic and Electric Control. When required the return flow 
be delayed for a predetermined pressure drop in distri- 
- adjustment range—4 to 30 ft. 0 to 60 ft., 
to 1 
her double acting altitude valves combine many additional 
atures to prevent dumping of tank, to retain supply on off 
ak loads and to make available maximum storage for peak 
Bes riods. Also a semi-throttling model for gradual clos- 
g of feed line and for maintenance of adjusted pressure on 
the distribution side. Can be equipped with secondary pilot 
fo close valve if break occurs in distribution system. 


Surge — Relief — Back-pressure Valves 

Model 60 RWR—Single Pilot, Electric 
and Hydraulic Control—for protection 
against excessive pressures in distribu- 
tion systems, supply lines and pump 
discharge lines. Intaliled in discharge 
line of deep well pump, provides con- 
stant back pressure to prevent over- 
drafting of the well. Pressure range 
in pilot—l0 to 60 Ibs., 20 to 150 Ibs., 
125 to 250 Ibs. 


Float Valve or Level Controller 
Model 60 FWR—External Pilot Oper- 
ated—to control main valve so that 
main .stem operates wide open or 
° closed. Pilot valve wastes to atmos- 
phere contents only of operating 
chamber each time valve stem rises to 
open position. Maximum inlet pres- 
sure, 175 Ibs. 


Model 40 FWR—External Pilot Oper- 
ated, Semi-throttling—for gradual clos- 
ing of valve during last three inches 
before overflow. 


Reducing and Regulating Valves 
Model 40 WR—Single Pilot, Hydraul- 
ic Control—to maintain constant de- 
sired discharge pressure regardless of 
rate of flow or pressure on upstream 
side of valve. As a pressure reducing 
valve, operates to: 
1. Control and regulate pressures in 
gravity and pumping systems. 
2. Regulate flow between reservoirs 
and zones of different pressures. 
3. Regulate fire flows between zones 
of unequal pressures. 
4. Regulate pressures in filter wash 
lines and aerator nozzles. 
Valves operate without waste of water 
to atmosphere and will not induce 
surge. Can be equipped with dual pilot 
to permit changing from one pressure 
to another by mere operation of a 
three-way cock for systems operating 
under different day and night pressures. 
Valves may be supplied with right- 
angle body. Pressure range outlet— 
10 to 60 Ibs., 20 to 150 Ibs., 125 to 250 tbs. 


Model 40 WR—Single Pilot, Electric 
Remote Control—motor driven, geared 
to pilot adjusting tail screw, made with 
limit stops to prevent over-travel, and 
operated by push button switch. 


Pressure Reducing and Reverse Flow Valves 


Model 50 WR—Si: 
ic Control—for in 


Pilot, H - 
tion at dividing 
line between two zones to reduce pres- 


sure from higher zone, to function as 
a sleeping valve, discharging into low 
zone at a time of excessive draft, to 
permit flow from low to high zone 
when excessive draft in h zone re- 
duces its pressure below of the 
low zone as in case of fire. Pressure 
range outlet—15 to 60 Ibs., 20 to 150 Ibs. 
This valve may be equipped with dual 
pilot control to permit 
in pilot control and to 
surance which 

and stand-by un 


FIRE DEPARTMENT SPECIALTIES 
Portable Fire Hydrant Head for Pressure Reduction—Internal 
Pilot Operated—for attachment to ure main; car- 


ater ranges 
ide the as- 
h duplication 


Hose Valves for Pressure Reduction 
Fire Engine Relief Valves 


All Ross Valves Repaired in Line: Internal Packing Replaced Through Top of Valves. 
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Design of Pressure Tanks for Small Water Systems” 


HE hydraulics of hydropneumatic in- 
stallations was discussed recently in 

considerable detail by Oscar G. Goldman 
(1). Pressure tanks for the storage and 
distribution of water are particularly ap- 
plicable to small water systems at develop- 
ments, country clubs, camps, private estates 
and similar establishments where little fire 
protection may be desired. Pressure tank 
water systems have also been designed to 
serve relatively large communities 

Private dwellings with individual water 
supplies usually have hydropneumatic sys- 
tems. The Federal Housing Administration 

2) requires in New York State “a pressure 
tank containing approximately 42 gal. per 
living unit.” The Michigan Dept. of Health 
(3) suggests, as an approximate rule for 
the selection of pressure tank sizes for small 
systems, that the tank have a volume “30 
times the pump capacity in gallons per 
minute.” Such a basis must first assure that 
the source has a yield sufficient to supply 
the pump selected and meet the water de- 
mand. As is apparent, these bases for pres- 
sure tank sizes have limited application. 

There is need for a quick and simple 
method of determining the minimum size of 
water storage pressure tank and pump to 
provide for a small water system in which 
the maximum daily consumption does not 

*Reprinted from JAWWA, Vol 
permission. 


41, p. 532 by 


ew Yo 


J. A. SALVATO JR. 
Dist. San. Engr 
rk State Health Dept., Poughkeepsie, 


exceed approximately 50,000 gal. Such a 


method is developed in this paper. 


Theory 

Assume that a pressure tank has a total 
volume equal to Q gallons. The air pressure 
and volume in the tank, when the tempera- 
ture is held constant, will follow Boyle’s 
well known law: pv equals a constant. With 
variation in the absolute pressure from p; to 
f: the air volume will vary from v to v; 


hence: 
pit = pave Eq. (1) 

When the pressure tank is just empty, its 
volume is equal to v, and the pressure to p:; 
then: 

e= um Eq. (2) 
water available between ~: and fs is 
(Q—t). This volume is usually made equal 
to ten or fifteen minutes’ storage at the 
maximum hourly demand and will be called 
Q.. Therefore: 


The 


o~-eeeeeQ. (3) 

Using the data developed by Goldman, 
QO. is equal to the storage at the maximum 
hourly demand rate, assuming that all the 
water for a day is used in twelve hours. The 
maximum hourly rate equals 2.0 times the 
maximum daily rate, and the maximum daily 
rate equals 1.5 times the average maximum 
monthly rate. (For example, if the average 
maximum monthly water consumption is 
6,000 gal. this would correspond to 2,000 


Pump Capacity - gpm 
30 
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2,000 


3,000 





4,000 


Pressure Tank Volume - gal. 
Fig. 1. Tank and Pump Sizes 


N.Y. 


gpd., or, if all the water is used within 
twelve hours, the maximum daily rate would 
be 1.5 X 2,000 X 24 = 6,000 gpd. The maxi- 
12 
mum hourly rate would then be 2 X 6,000 
12,000 gpd., or 8.33 gpm. The fifteen- minute 
storage, Q., would be 8.33 X 15 125 
gal.) 
Substituting Eq. 2 and 3 in Eq. 1: 
wQ = (QO — Om) 


nae Eq. (4) 
fe 


Application 

It is therefore possible to compute directly 
the required volume of a pressure storage 
tank by substituting in Eq. 4. For practical 
purposes, ?; (absolute) can be taken as equal 
to the required minimum gage pressure at 
the storage tank in pounds per square inch, 
plus atmospheric pressure, needed to operate 
satisfactorily the highest fixture. Atmos- 
pheric pressure may be taken as 14.7 psi. 
and the pressure at the highest fixture as 
15 psi. Of course, all head losses that are 
significant must also be taken into considera- 
tion. The value of ps (absolute) is usually 
between 10 and 20 psi. greater than py, with 
the smaller variation being recommended. 
Since Eq. 4 is based on an empty pressure 
storage tank, the inlet and outlet pipelines 
should enter and leave at the bottom. If the 
water lines enter and leave the tank from 
the ends or sides, above the bottom, then a 
minimum water seal is required at all times 
above these lines and the required pressure 
tank volume should be computed above this 
level. 


The size of the pump required can be 
taken at 120-125 per cent of the maximum 
hourly demand rate in gallons per minute. 

Figure 1 has been prepared from Eq. 4 
to simplify and expedite the calculations to 
obtain the required pressure tank and pump 
size. It is based upon the provision of fifteen 
minutes’ storage at the maximum hourly de- 
mand rate and a pump capacity of 128 per 
cent of this rate in gallons per minute atime 
puted as explained above. 

For example, say that the maximum water 
consumption, based on the maximum month- 
ly rate, is equal to 6,000 gpd. The required 
minimum gage pressure is 40 psi., and the 
maximum gage pressure is taken as 50 psi. 
The ration os /; to p: absolute is: 


40 + 14.7 
pa 50 + 14.7 


Find 6,500 gpd. on Fig. 1 and move horizon- 
tally to the right to the curve: = 0.85 and 
then down to the gene tank volume, 
2,710 gal. A 3,000-gal. tank should therefore 
be used. To find the required pump size, 
move horizontally from 6,500 gal. to the 
—- capacity curve and then up to 34 gpm. 
A 35- or 40-gpm. pump should be used, de- 
pending upon what is available. 

If only ten minutes’ storage is desired, 
take two-thirds of the pressure tank volume 
promod the oa oe curve can be 

or greater ily water consump- 
tions. For example, if the a 
is 50,000 gal. and 


daily water consumption 
»* equal to 0.80, the minimum pressure 


= 0.85 


pr 
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tank volume required is 15,600 gal. and the 


pump capacity is 260 gpm 
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Discussion 
Oscar G. Goldman 
Supt., Water Dept., 

San Francisco 


The author's paper is a worthy contribu- 
tion, further stressing the necessity of good 
design in hydropneumatic installations. Ex 
perience shows that the development of this 
type of installation for domestic water dis- 
tribution has been sadly neglected. This neg- 
lect is largely due to a misunderstanding of 
the design fundamentals, with a resultant 
failure of the tank to perform when installed. 
It should be stressed that the size or volume 
of the tank is of no value in itself. The use- 
fulness of the tank depends on the ratio of 
the volume of air to the volume of water 
which can be removed for any predetermined 
pressure drop. 

The author's Eq. 
easily applied. It should be emphasized, 
however, that the equation assumes an 
@mpty tank at the minimum pressure condi- 
fion. In this type of installation it is ex- 


4 is very useful and 


oye important that provision be made 
© a water seal. Without an adequate water 
feal, the variations in air temperature which 
Occur present a real danger of air getting 


be the distribution system. A properly 


talled control should also be provided to 

lieve the excess air due to expansion 
faused by a rising temperature. Likewise, 
the finished installation should include means 
for supplying air to the tank when the tem- 
Perature falls 














hig 


the fact that 
are tor 


Attention is also directed to 
the curves proposed by the author 
particular conditions of demand and use, 
which will differ from place to place. The 
relationship between thhe average monthly 
use and the maximum hourly demand should 
be determined for each locality in question. 
To do otherwise might cause so great an 
error that the design of the tank and pump 
would be a failure. 

Instead of a set of curves which might be 
developed for each special instance, the 
writer would suggest a generalized nomo- 
graphic curve applicable to any set of con- 
ditions. Let f, equal the ratio of hours per 
day to hours of use; f, equal the ratio of 
maximum daily use to average daily use 


1, 











2. Nomograph for Eq. 5 


based on maximum monthly use; fs equal 
the ratio of maximum hourly use to maxi- 
mum daily use; f, equal fifsfs; t equal the 
duration of storage; 0: equal the average 
daily use based on the maximum month ; a 
T equal the number of minutes per day, 

constant. Then, based on the author’s Eq 4: 


in which 


The nomograph in Fig. 2 is for the solu- 
tion of any problem based on Eq. 5 


Cylindrical Tank Capacities 


Per Foot of Depth 


(The Cubic Foot Figure Is Also the Area in Each Instance) 
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THE PUBLIC AND WATER RATE INCREASES’ 


ARRY M. Miller, chairman of the 
*ublic Utilities Commission of Ohio 
delivered an address betore the 
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ing the public 


and reasonable 
what you can do in the 
yf service, but perhaps not such a 
been done in explaining 
done dollars and cents 
true that the 
laboratory 
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vincing job has 
how it must be 


may be research 


wise. It 
man in the physical 
a more thorough job than the manager in 
the front office. At any rate, our observa 
convince us that today the public, 
generally, is not complaining so much 
about the cost of telephone service as it 
is about its quantity and quality. In brief, 
it appears that you have the ways to meet 
the public demand if had the 
means 

Another group of companies which have 
been and are currently providing satisfac- 
service to their present subscribers 
faced with demands from additional 
and with increased usage 
from present subscribers. Their margins 
of plant have been exhausted and new 
capital is required to replace it. Here, 
again, in many instances, rate structures 
now in effect were not designed to meet 
the situation which the demand creates 

In many instances, it is asserted that 
which were designed to meet pre 
nomic conditions are no longer 
adequate to meet the situation created by 
the impact of postwar costs 

These quotations aptly describe the sit 
uation in which many water plants now 
find themselves. Any water works man 
ager whose enterprise is lagging in serv 
ice or needs new capital to finance the 
installation of improved or expanding 
service facilities, and who cannot over- 
come investor resistance, is faced with the 
need for increases in rates and has a 
public relations problem to solve. 

That manager’s first undertaking should 
and careful study of the 
economic facts of his water works 
and a review of the literature of water 
works economic theory. The thoughts de 
veloped in these studies must mext be put 
to the test of argument with those experi 
enced in water works and general econ 
omic practice. Then, with a firm and 
tested foundation of facts and theories, 
the manager has the duty of educating and 
persuading the public. If the preliminary 
work has been thorough, the results with 
the public will be satisfactory. 

This paper covers only a general pres- 
entation of a case for a rate increase. 
Cost of Service 

Except when water service is rendered 
largely at the expense of taxpayers as 
distinguished from water customers, or at 
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For privately owned 
operating expenses include 
taxes and depreciation. Most municipally 
water plants are not taxed on their 
property or on their profits although they 
do pay hidden, or unconsidered, taxes in 
wage rates, materials and supplies and all 
other purchases. Many municipal plants, 
instead of considering depreciation as an 
operating expense, make provision for the 
amortization of the water works debt. It 
is generally believed that both amortiza 
tion and depreciation expense should not 
be charged as a service at the 
same time. 

The second element in cost of 
which is often overlooked, is the 
cost of money or capital. The “annual 
cost of capital” is the amount of money 
which must be available, after all operat 
ing expenses and amortization charges 
have been met, to enable the enterprise to 
pay interest charges and have enough left 
over to sustain a good credit standing and 
to attract any new capital needed. If this 
annual cost of capital is not available 
through operating revenues, the customers 
are not meeting the cost of service. Prob 
ably most water works enterprises are 
securing enough operating revenue 
through rates charged customers to enable 
them to cover their entire operating ex 
penses, but there are many plants which 
are today not earning enough to meet the 
full annual cost of capital. As a result, 
they cannot secure the funds needed for 
the type and extent of service which the 
public is demanding. This was the situa 
tion referred to by H. M. Miller 
Annual Cost of Capital 

The concept of annual cost of capital 
must not be confused with the cost of 
capital additions made annually. To ii- 
lustrate the distinction, a new purifica- 
tion plant might have a cost of $100,000. 
That would be the cost of the capital 
addition. In order to be able to borrow the 
$100,000 for the new construction, it might 
be necessary to show the prospective in- 
vestors that the system has earned and 
would continue to earn $10,000 yearly over 
and above all operating expenses and 
other charges and claims. If such a show- 
ing not made, the money for con- 
struction could not be secured. This 
$10,000 would be the annual cost of capital 
on that portion of the system represented 
by the new facilities. In calculating the 
capital or principal amount of bonds 
which a given amount of operating reve- 
nue would justify, investors in special lien 
or revenue bonds issued by some munici- 
palities insist on a substantial safety mar- 
gin. This margin is part of the annual 
cost of capital. 

The annual cost of capital cannot re- 
main fixed from year to year but varies 
with the amount of money invested in the 
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ealize and to give adequate 
tion to the impact of this element 
of cost of service on the ability of the 
system to function at full strength is the 
reason some water works are in 
difficulty today 

With relatively few exceptions the water 
works enterprises, municipal and private, 
are operating under customer rates fixed 
before the last war. Some of them are in 
the position of being able to supply an 
expanded demand for service through a 
plant which was previously overbuilt or 
with large excess capacity. The growth 
of business has brought increased revenue 
without the necessity for additional plant 
and is more than sufficient to cover in 
operating expenses. Such plants 
will probably soon reach the stage of de 
velopment which is now more typical, 
where all excess capacity been used 
up and where demands for service already 
exceed safe plant yields and the carrying 
ability of the distribution system 

Since this is believed to be the more 
usual situation, it is worth looking at the 
trend of the service and its effect 
on such a system 


Failure 


considera 
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creases in 
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There is no need to labor the record 
with a recital of detailed costs today com 
pared with those of earlier years. Investi 
gations of such trends have been 
made and published by engineers thor- 
oughly qualified to make the studies and 
to interpret them. What the present writer 
wishes to bring out is that an increasing 
proportion of operating revenue is now 
being used up in operating expenses, with 
the consequent lessening of the proportion 
contributing to the carrying of the annual 
cost of capital 

A group ot water companies in 
Jersey in 1934 had an operating 
operating expenses divided by 
revenue—of 54.5 per cent. In other words, 
in that year 45%c out of every dollar of 
revenue was saved and contributed toward 
the annual capital. In 1941 the 
operating ratio was up to 64.5 per cent, 
and in 1947 it was 71.0. The operating 
ratio worsened in spite of increased busi- 
ness and some upward rate adjustments, 
and in 1947 the amount available from 
revenue for the annual cost of capital was 
only 29c out of each dollar, compared with 
45\%c in 1934. For a much larger and 
widely scattered group of water com 
panies, the operating ratio rose from 50.2 
per cent in 1934 to 67.4 in 1947 

Turning now to the annual cost of 
capital, interest rates on borrowed money 
are slowly rising. Preferred stocks are 
not popular and often can be distributed 
on the market or to institutional investors 
only if some sinking-fund provision is 
made. There appears to be a tendency to 
look critically at the number of times 
interest or preferred dividends are earned 
and to demand high ra‘es if the margin 
of safety is not considered large enough 
Investors in equity securities, especially 
common stocks, in view of the income tax 
situation and general market conditions, 
are rather few and insist on attractive 
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yields. All of this adds up to a high cost 
of capital. Moreover, these high-priced 
dollars do not buy anything like what they 
used to buy, so that more of them are 
needed to accomplish a desired end. In 
prewar days, | tt. of 6-in. cement-lined 
iron pipe approximately $1.50 
laid; today the price exceeds $3.35. Pre 

viously a service line and meter, installed, 
cost about $35, while today the compara- 
ble cost is $66.41. 

Most plants at present appear to have 
reached the saturation point on customers 
per mile of main. For one large group 
of water companies, there are 80 custom- 
ers per mile of main, a figure which has 
become stationary This situation is to be 
expected, considering the common desire 
to build and live in outlying real estate 
developments. Whatever the cause, it 
seems to be the fact that, on the average, a 
water works system must lay about 70 it. of 
pipe for each new customer. Thus, assum- 
ing an average pipe size of 6 in., each new 
customer imposes a capital expenditure 
for pipe, service and meter only of $300.81. 
If supply and transmission works are 
considered in addition to distribution fa- 
cilities, it is calculated that each customer 
now costs more than $400. With rates 
fixed on the basis of pre-war costs and 
with operating ratios now ranging up to 
70 per cent in well managed plants, it 
becomes clear that each new customer is 
a burden very difficult to carry 

This statement can be verified by calcu- 
lation. If the operating ratio of the plant 
is 70 per cent, each dollar of revenue con- 
tributes only 3c to the f 


cast cost 


annual cost of 
capital, which includes the amount needed 
lo cover not only distribution but also 
"supply facilities. If it is assumed that 
distribution facilities represent half the 
cost of the entire system—a_ condition 
which is very common—then half of the 
annual cost of capital must be assigned 
to the distribution system and half to the 
supply system. In the present illustration, 
therefore, only 15c of the revenue dollar 
is available for the annual cost of capital 
in distribution facilities. For privately 
owned plants, as of November 1948, the 
true annual cost of capital is certainly not 
less than 6c on each dollar of investment 


For municipal plants, the comparable 
figure is somewhat lower, and it will be 
assumed as 3c on the dollar. Because of 
the tax situation, the operating ratio of 
municipal plants is probably in the neigh 
borhood of 50 per cent 

To find how much investment can be 
made in pipeline and service connections 
for each dollar of new revenue, let A 
equal annual revenue; > equal the operat- 
ing ratio; C equal the ratio of supply 
facilities to all facilities; and R equal the 
annual cost of capital expressed in cents 
per dollar of investment. The formula 
will be: : 

x= (A — Ab) C 
R 

Substituting 1 for A, 0.70 for b, 0.50 for 
- and 0.06 for R, X would equal $2.50. 
According to this formula, then, the enter- 
prise can afford to invest $2.50 in lines and 
meters for each dollar of new revenue. 
As most domestic customers today pay on 
the average only about $15.00 a year, the 
system can only afford to invest $37.50 
for an average customer, while it costs 
about $300 to attach that customer. For a 
municipal plant with its lower operating 
ratio—traceable to the tax differential and 
the lower annual cost of capital—the ap- 
plication of the formula indicates that 
such a plant could invest $8.33 in distribu- 
tion facilities for each dollar of new 
revenue, or a total of about $125 for a new 
domestic customer paying $15.00 a year 
for service. Ignoring the element of an- 
nual cost of capital on supply facilities 
and calculating the amount of revenue 
remaining available for annual cost of 
capital after income taxes, private plants 
could invest $75 in distribution facilities 
for the average domestic customer. If 
supply works are ignored in a study of a 
municipal system, approximately $16.00 


per dollar of new revenue would be the 
proper investment in distribution facilities, 


or about $250 per average new customer 
Thus, it seems almost any method of cal- 
culation shows that each new domestic 
customer requires more investment in 
distribution facilities than is justified by 
the existing rates. This is an undesirable 
situation from the standpoint of the public 
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Conclusion 

At the very time when the cost of serv- 
ice is advancing, the customers and the 
public are eager for improved and ex- 
tended service. The population is grow 
ing, but it is not tending to build up im 
the older sections of commupities. As 
business moves in or blight strikes a 
neghborhood, the established trend is for 
movement into outlying newly developed 
territory. This entails, for the water 
works, more operating expense, more cap- 
ital investment at peak unit costs and a 
greatly expanded annual cost of capital. 
There is a demand for more uniform and 
constant quantities and pressures, requir- 
ing enlarged distribution facilities and 
often distribution storage. There is a 
growing demand for softened water. The 
per capita water pumpage is rising in 
well maintained and operated plants, 
which means that more plants tend to use 
up their available capacity and come to 
a realization of the need for new supply 
works. All this again adds up to an in- 
creased cost of service which the public 
must be brought to understand 

More and better service is a public de 
mand. Water works technicians know 
how to design and operate the plants 
which will put completely adequate 
amounts of good-quality water into the 
system and deliver it to the consumers 
The only drawback is the lack of money. 
It cannot usually be secured at existing 
rates because the present cost of service 
is completely out of line with revenues 
based on cost figures which are of an 
tiquarian interest and nothing more 

The American people—the water cus- 
tomers—are fair-minded and want to pay 
their own way. They are capable of 
understanding these problems and of real- 
izing how their interests harmonize with 
those of the water systems. All that is 
needed is a patient educational program 
carried on by water works men who un 
derstand and can explain their own busi- 
ness and its difficulties. When such men 
step forward, become vocal and evangelize 
first one or two leaders and then ever 
widening groups, the public relations 
aspect of water rate increases will be 
most pleasant. 
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Types of Insurance Protection 
Charles G. Bourgin 


N the construction, operation, main- 

tenance and repair of any water sys- 
tem, perhaps the most common causes of 
property damage and bodily injury arise 
from water system construction and water 
main leaks causing undermining. 


Attitudes of Operators 

Since the presentation of a previous paper 
by the author on this subject (1), many 
inquiries have been received for informa- 
tion on experiences with insurance coverage 
for this type of damage. From the char- 
acter of these inquiries, the author was 
impressed by the widely divergent opinions 
and attitudes entertained by the operators 
of many publicly owned water systems 
toward acknowledging liability not only 
for damage caused by leaks but for damage 
resulting from general water works con- 
struction. These opinions and attitudes di- 
vide the operators into four general classifi- 
cations : 

1. Operators who have never any 
thought to insurance protection who 
are totally unaware that such protection is 
available. The dangers involved in this 
“head-in-the-sand” way of thinking—or, 
more accurately, lack of thinking—are self- 
evident in this day and age of insurance 
policies and lawsuits, and require no further 
discussion. 

2. Operators who entertain the fallacious 

opinion that a publicly owned water sys- 
tem is a governmental function and, as 
such, is immune from suit, thus eliminating 
the need for insurance protection. It is a well 
established fact that municipal operation of 
a water system is not a governmental func- 
tion like the operation of a police or fire 
department, but is strictly a proprietary 
or business function whether or not it oper 
ates at a profit. The gene ral legal opin 
ion throughout the nation is that, when a 
municipality engages in a proprietary enter- 
prise, it makes itself liable to the same 
extent as any private corporation. In other 
words, when negligence appears, legal lia- 
bility follows with resultant exposure to 
damage suits whether the proprietary oper- 
ation is publicly or privately conducted. 

3. Operators who have given consider- 
aticn to insurance protection but who have 
decided for one reason or another not to 
carry it. In general, these men have weighed 
the risks and have decided that it is more 
economical not to carry the protection. 
They feel that the total of all damage 
claims which may have to be paid over a 
period of years would be materially less 
than the cost of insurance premiums over 
the same period. Some of these operators 
actually set up a reserve or self-insurance 
fund, deposits in which are based on esti- 
mated premiums for public liability and 
property damage insurance for their class 
and size of operation. These deposits con- 
tinue to be made yearly until the fund 
has reached an amount sufficient to pro- 
vide a reasonable degree of security. In 
the event of a loss, systematic deposits to 
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the fund are resumed until it again reaches 
the agreed-upon safe level. Other water 
works pay small damage claims from oper- 
ations budgets and draw on surplus or re 
serve funds to meet the larger claims. 

Many efficient operators in this class use 
the best of accepted water works practices 
in all phases of construction, operation, 
maintenance and repair. They thus depend 
upon being able to produce good records, 
render prompt action in emergencies and 
display other evidences of good manage- 
ment, so that it becomes extremely diffi- 
cult for a claimant to prove negligence 
Many notable cases are a matter of record 
in which claims were not allowed by the 
courts because the water utility, by prov- 
ing that it consistently operated in a safe 
and efficient manner, made it difficult, if not 
impossible, for the claimant to prove neg- 
ligence. There are also a few operators in 
this class who rely solely on the influence of 
municipal ownership to make it hard or 
awkward for a claimant to prove negligence 
regardless of the validity of the claim 
Everyone familiar with the attitude 
many insurance companies toward the 
ready payment of small claims, whether 
valid or not, chiefly because of their nui- 
sance value. The reverse attitude, however, 
is generally true of all self-insured oper- 
ators who display great resistance to 
the payment of any claim, large or small, 
which may often work severe hardship 
on an honest claimant 

In the author’s opinion, although self- 
insurance programs have real merit—par- 
ticularly for the larger water utilities, 
whose insurance premiums would run high 
for complete public liability and property 
damage coverage—there is a limit to the 
size of a claim beyond which self-insurance 
does not offer adequate protection. It is 
believed that these operators would do 
well to carry some form of catastrophe or 
excessive-loss coverage, which may be ob- 
tained at a materially lower premium than 
that for the same top limits for complete 
coverage. 

4. Operators who carry public liability 
and property damage insurance protection 
in one form or another. The operators in 
this class fall into two general groups: 
{1] those who carry full insurance protec- 
tion for all claims, large and small; and 
[2] those who self-instire up to certain 
limits, usually $5,000-$10,000 aggregate, and 
then carry excessive-loss insurance to cover 
the larger clainis. Upper limits for both 
complete coverage and excessive-loss cover- 
age for public liability generally range be- 
tween $50,000-$200,000 for each person and 
$100,000-$500,000 aggregate, while those 
for property damage generally range be- 
tween $50,000-$100,000 for a single accident 
and $100,000-$200,000 aggregate. 
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Types of Coverage 

Policies providing these coverages are 
called contractors’ or manufacturers’ lia- 
bility policies and are usually compre- 
hensive in scope—that. is, they cover all 
public liability and property damage risks 
such as are found in every phase of water 
works construction, operation, maintenance 
and repair (including special rates for 
masonry and concrete construction, car- 
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pentry, electrical wiring, plumbing, paint- 
ing and decorating, if desired). Premiums 
are computed on the size of classified year- 
ly payrolls. Occasionally, however, when 
protection against claims arising from 
water quality is desired as an added fea- 
ture, premiums for this coverage are based 
on the quantity of water supplied yearly to 
the system. This type of coverage, known 
manufacturers’ products liability insur- 
ance, rarely offered without the addi- 
tion of the more desirable (to the insurance 
company) public liability and property dam- 
age business. In determining the advance 
premium, estimates of the coming year’s 
payroll or amount of water to be sup- 
plied to the system are made, based on the 
previous year’s experience. These esti- 
mates are corrected at the end of the 
year by payroll audit or examination of 
water supply records, and the premium is 
readjusted for final payment or rebate. 
Premium rates are generally based on the 
previous five-year experience record of the 
utility to be insured. When catastrophe or 
excessive-loss coverage is carried, year-end 
rebates as high as 15 per cent are en- 
joyed if no claims have occurred. From 
these facts, it may be noted that rates are 
affected by actual claims experience records 
aml that the cost of identical coverage va- 
ries with the size of the payroll or quantity 
of water supplied to the system, depending 
upon which method of premium computa- 
tion is used. 
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Illustrative Cases 


The following cases illustrate two ways 
in which the damage claims against a 
publicly owned water utility carrying con- 
tractors’ liability insurance were settled. 
Further examples may be found in a pre- 
viously published paper (1) already cited. 

Case I. Damage to other than municipal 
property, involving bodily injury result- 
ing from a main break. A large pipe frac- 
ture occurred about noon in a 12-in. main 
under 110-psi pressure. This main, located 
in the heart of the business district, had 
been laid parallel to the curb and under 
the center of a 10-ft. wide sidewalk run- 
ning between the curb and the building 
walls, Extensive damage was done to the 
sidewalk and the contents of several base- 
ments but none to the municipal pavement. 
A woman was drenched and slightly in- 
jured when the break occurred. All claims 
were covered by contractors’ liability in- 
surance, including those for the injury to 
the woman and the damage to her clothing. 

Case 2. Property damage involving bodily 
injury as a result of construction, but not 
the fault of the utility..A 20-in. main was 
being installed under a sidewalk a 
both sides of a corner property. The 
erty consisted of two lots complet 
grassed over except for the area pre 
by a residence which was located on the 
lot adjacent to the corner lot. The entire 
property was surrounded by a barberry 
hedge about 3 ft. high. The open trench, 
containing newly laid pipe, completely sur- 
rounded the entire street frontage of this 
property. Sidewalk approaches had been 
thoroughly barricaded, excavated material 
5 ft. high lined the curb and the work 
was more than amply lighted, as later 
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agreed on by all concerned. Access to a 
post-mounted corner mailbox had been pro 
vided by a well lighted bridge equipped 
with guard rails. It remained however, for 
a neighbor up the street to enter the corner 
lot via backyards, cross the lawn on pri 
vate property and leap the barberry hedge 
near the mailbox as he had done many 
times before when mailing a letter late at 
night. Too late he discovered, upon striking 
the pipe and trench side approximately 
6 ft. down, that the sidewalk had been re 
moved. Although acknowledging his error 
in this rather unorthodox and entirely il 
legal approach to the mailbox, he registered 
a claim for back injuries and clothing dam- 
age. The insurance company paid both the 
public liability and property damage claims, 
even though the fault lay entirely with the 
claimant. The total claim was not partic- 
ularly large but probably represented a 
nuisance value to the insurance company 


Conclusion 


Because, in the opinion of the courts, 
there is no material difference between pub- 
lic and private ownership of a water utility 
when responsibility for public liability and 
property damage claims is concerned, every 

water utility should carry some form of 
contractors’ liability insurance to protect 
itself from serious losses arising from these 
Glaims. The larger utilities perhaps do 
well at least to carry catastrophe or 
excessive-loss coverage in conjunction with 
budgetary provisions for self-insurance cov 
@rage for the smaller claims; the smaller 
utilities might better carry complete cover 
age. The choice between excessive- -loss cov 
rage and complete coverage must be 
Metermined from a study of the size of the 
Premium (based on payroll or quantity of 
Water supplied, whichever method is se- 
lected), as well as a review of the claims 


experience record of the particular utility 
in question. It is also to be noted that oper- 
ating in a negligent manner is expensive, 
even though adequate public liability and 
property damage insurance is carried, since 
premium rates are based on experience rec 
ords 


Nuisance Claims 
Elmer G Schwier 


This paper will discuss insurance protec 
tion against so-called “nuisance” claims, 

articularly injuries which involve curb 
on meter pits, valve boxes and fire 
hydrants 

Any concern which must deal with the 
general public, such as a department store 
or theater, is subject to claims for injuries 
received on company property. This liabil- 
ity also applies to public utilities, in their 
general Offices, in plants where the pub- 
lic is permitted to enter and in the large 
number of other items of property either 
owned or maintained by the utility and 
located over the entire area served. 

In Indianapolis, Ind., the water company 
does not own service lines or curb boxes, 
but an agreement was made between the 
company and the Public Service Commis- 
sidn of Indiana in 1930 to the effect that 
the company would be responsible for the 
maintenance and upkeep of service lines, in- 
cluding curb boxes, from the main to the 


property line; on April 1, 1932, by order of 
the Public Service Commission of Indiana, 
this agreement was made permanent, thus 
making the company responsible even 
though it does not own the curb box. 

Claims due to accidents involving valve 
boxes in the street and fire hydrants totaled 
only nine during this eighteen-year period. 
The number of claims is comparatively in- 
significant, but as both of these items are 
the property of the company, it can be 
held liable 

All together, 107 “nuisance” 
filed during the eighteen-year period, 
48 


claims were 


1931- 


Trend of Claims 


The last depression started in 1930 and 
ran through 1940, with the exception of a 
slight upturn in 1937 and in the latter part 
of 1939 and the early part of 1940, and the 
present boom began early in 1941. With 
these facts in mind, the author has divided 
the eighteen-year period into six-year inter- 
vals. It was found that 11 claims involving 
curb boxes were filed in the first six-year 
period, 1931-36; 37 claims, between 1937 
and 1942; and 9 claims, between 1943 and 
1948 

During the first six-year period, 5 claims 
regarding meter pits were received; during 
the next period, 14 claims; and during the 
last, 22 claims. Meter pit installations have 
increased over the past several years, which 
accounts for the increase in claims in the 
most recent period 

There were 5 claims involving valve 
boxes and fire hydrants in the first period, 
2 im the second and 2 in the third. 

Whether or not the depression had any- 
thing to do with the number of claims the 
author is unable to say, but it does seem 
odd that most of them were filed in the 
years toward the end of the depression, and 
they have since dropped off to a consider- 
able extent, with the exception of meter pit 
claims 

In 1941 Indianapolis began a program 
of adjusting curb boxes to grade and by 
the end of 1942 had covered the entire area 
served. Since then meter readers have sub- 
mitted reports on curb boxes in bad condi- 
tion, which are turned over to the distribu- 
tion department for adjustment. In this 
way, the utility keeps up fairly well with 
curb box maintenance. This program may 
have had some effect on the reduction of 
claims after 1941. At the same time meter 
readers report pits that are in dangerous 
condition. A letter is written to the property 
owner advising him that the meter pit be- 
longs to him and that steps should be 
taken immediately to repair it and avoid 
the possibility of someone’s being injured 


Need for Insurance 


The majority of these claims cases are 
not of a serious nature. Some have been 
settled for as little as $15.00. while a few 
others have developed into litigation pro- 
ceedings and the claimants have been 
awarded several thousand dollars. Although 
the amount of money involved is usually not 
large, every accident must be investigated 
and a report made to the insurance com- 
pany, and practically the same preparation 
is required as if the accident were a seri- 
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ous one. This procedure can become ex 
pensive 

In the Indianapolis system, there are 
approximately 114,500 curb boxes, 17,000 
meter pits, 7,847 fire hydrants and 8,500 
valve boxes located over the area served. 
A total of 107 accidents over an eighteen- 
year period does not seem large, compared 
to the total number of curb boxes, meter 
pits, hydrants and valve boxes, but one must 
not overlook the fact that each of these 
items is a potential hazard. Moreover, 
when a claim is filled, it is never known in 
advance whether it will be settled for 
$15.00 or for several thousand dollars 
Some apparently insignificant claims have 
later developed into rather expensive cases 

For these reasons, the author does not 
believe that the Indianapolis Water Co. can 
afford to be without adequate insurance 
protection, particularly considering the 
many possibilities which the large service 
area provides for the general public to sus 
tain injuries. The utility carries public 
liability insurance with limits of $100,000 
to $1,000,000. The insurance companies 
have been very cooperative in discussing 
each claim before settlement is made, an 
important point since the amount paid out 
in claims affects the experience rating on 
which the premium is based 


Causes of Accidents 

A summary of accidents over the past 
eighteen years (1931-48, inclusive) indi- 
cates that curb boxes were involved in 
57 claims filed. From these claims, it ap- 
pears that it is not always necessary for 
a curb box to extend severa! inches above 
the ground level for someone to trip over it, 
although it has often been hard to imagine 
how anyone could have fallen over the 
box designated as the culprit. Nor is it 
necessary for these boxes to be located in 
sidewalks ordinarily used by the public 
Sometimes it would seem that persons have 
gone completely out of their way to trip 
over boxes that were nowhere near the 
sidewalk—in fact, several feet away. On 
numerous occasions the accident occurred 
in the early evening, and quite frequently 
there were no witnesses. 


Meter Pit Accidents 

The next item on the list is meter pits, 
concerning which 41 claims were filed dur- 
ing the eighteen-year period mentioned. 
Meter pits are located on private property 
and are not owned by the company. How- 
ever, if someone—even the property owner 
himself—trips over a meter pit and is in- 
jured, a claim is filed with the company. 
Since these pits are not the property of the 
company, and since it is not held re sponsi- 
ble for their maintenance and upkeep, it is 
not required to pay damages on very many 
of these claims. The only time the company 
becomes seriously involved in a meter pit 
claim is when a meter reader has visited 
the premises either on the day of the acci- 
dent or a few days prior to it; on such 
occasions the question arises whether or 
not he fastened the lid securely after reading 
the meter. 


Reference 


1. Bourctrw, Cuartes G Liability for Damage 
Due to Breaks or Leaks—Underm rmining Due to 
Jour. A.W.W.A., 40:579 (June 1948). 
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STANDARD BAILEY REGISTERS 


Bailey Flume Meter—Simplicity of installation, low head 
losses and self-cleaning features of the Parshall Flume have 
resulted in a greatly increased use of this device for a meas- 
urement of Sewage Flow in open channels. 
The Bailey Flume Meter is simple and accurate. As shown 
in the illustration, it consists of a single float which is con- 
nected by a fiexible cable to the sturdy recording, integrat- 
ing and indicating mechanism on the panel board. The 
panel board may be omitted if desired and the recording 
mechanism mounted on a wall or column. This device may 
be adapted to any type of open channel metering over any 
operating range required. Its capacity can be altered in the 
field by installing new gears and/or cam without disturbing 
any other parts of the installation. 
Standard Bailey Indicating, Recording and Integrating In- 
struments are used, charts are 12 inches in diameter and 
uniformly graduated. Instruments may be placed in remote 
locations by the addition of Bailey Telemetering Systems. Ask 
for Bulletin No. 62 

5 s s 


og f 


(PROFILE OF PLUME BOTTOM 


Typical installation of Bailey Flew Meter for Parshall Venturi Flume. 


Bailey Weir Meter—For measuring flow using any type 
of Weir notch, highly accurate results can be obtained with 
a Bailey Weir Meter. This meter is similar to the Bailey 
Flume Meter and possesses the same features of sturdiness, 
flexibility and accuracy. Remote transmission can be pro- 
vided when desired. 

Open Float Type Meter—The Bailey Float Type Meter 
is especially adapted to measure the flow of sewage, sludge, 
dirty water or other liquids in pipe lines using a Venturi 
Tube, flow nozzle or eccentric orifice. 

This meter is operated through a differential gearing and 
cam mechanism from floats which rest on the liquid sur- 
faces in float tubes. It is similar in external appearance to 
the Bailey Flume Meter. 


Bailey Registers measuring sewage, sludge and air in an = gallery 
at Easterly Sewage Treatment W orks, Cleveland, Ohio. 


Bailey Fluid Meter—The flow of steam, liquids and gases in 
pipe lines at high or low pressures can be accurately measured 
by the Bailey Fluid Meter. A Venturi Tube, flow nozzle, or 
orifice is used as the differential producing device and the 
meter indicates, records and integrates on the standard Bailey 
described. Remote recorders may be 
Telemetering Systems which operate on 


Register previously 
provided by 


alternating current 


sailey 


In addition to the rate of 
flow, this meter may also re- ? | 
cord pressure, temperature or 
liquid level on the same chart. 


Ask for Bulletin 301-B 


Air Meters—These meters measure 
Air Flow in main lines and in in 
dividual hnes to aeration tanks. 


The register is similiar in 
ance to the Ledoux 
mechanism 


maximum 


appear 
bell type, and 
is designed te 
differential 
water De 
,s01B 


the flow 
yperate on a 
flow me 
Bell. 


Section through 
chanisem of Ledoux 
type Register. 


pressure of 88 ir f 
scribed in bulletin No 


Controllers—Bailey Controllers util- 
ize standard Bailey Meters and Re 
corders as the basic measurement 
source for the automatic control of 
factors, such as flow, ratio, pressure 
and liquid level. They are operated 
by compressed air at approximately 
35 lbs. pressure and match perfectly 
with other Bailey Gages and Regis 
ters. 


Bailey control is fully automatic, 
dependable and exceptionally fiex- 
ible. 


Bailey Telemeters 


The Bailey Voltage Balance Elec 
tronic Telemeter Circuit is a quick, 
accurate means of transmitting posi 
tion over distances. The measure of 
any factor which can be made to move 
the core of a small solenoid trans 
former may be indicated or recorded 
at a distant receiver. Multiple re- 
ceivers may be connected to one trans- 
mitter; several flow measurements can 
be totalized 


Large Dial Indicator 


Indicators containing the telemeter 
circuit receiving mechanism may be 
single or double face, and may have 
18, 24, or 30-inch dials. Numerals 
and indicating pointer are large for 
easy reading. 


Large Dial Indicator 




















Bailey Voltage Balance Electronic Telemeter Circuit 
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BUILDERS-PROVIDENCE, INC. 


(DIVISION OF BUILDERS IRON FOUNDRY) 
PROVIDENCE 1, RHODE ISLAND 


Representatives in principal cities of U.S.A. and Canada 


THE VENTURI METER 


The Venturi Meter is recognized as the stand- 
ard for measuring the flow of water, sewage 
and air in main pipe lines, It consists of a 
Venturi Tube installed in the pipe line and a 
Type M Register-Indicator-Recorder or other 
instruments connected to the Tube by small 
pressure pipes. The design of the Herschel 
Standard Venturi Tube produces a maximum 
recovery of pressure, which has the economic 
advantage of lowering pumping costs. 

Type M Instruments have unusual sturdiness, 
and are very popular in the waterworks and 
sewage fields = their accuracy and reliabil- 


ity. Important features include a 10” indi- 
cator at eye level with uniformly spaced scale; 
improved integrator; 12” uniformly spaced 
charts; white pyralin dials and interior illu- 
mination, The Type M Instrument furnishes 
continuous indication of flow; a permanent 


toot 
oy? Register- record on 12” chart, and the total quantity on 
icator-Recorder. a 3%” counter dial. 


PROPELOFLO METER 


This improved, propeller-type flow meter for main water line 
———s introduces many new features including streamline 

enturi design. A self-contained unit easily installed; registers 
total flow directly in gallons. Accurate throughout wide range; 
low loss of head; low first cost and upkeep. 


CHLORINIZERS 


Builders Chlorinizers ac- 


@urately meter chlorine 
Left and right—Volumetric Chiorinizers 


@as and produce chlorine 
@ttention has been given 
Models CVS and DVS. Center—Gravi- 
i CGS. 


to assure completely safe 
and highly accurate op- 
eration. emates Mod- 


licators with direct read- 
ing linear scales. Can be 
adapted to semi-automat- 
ie, program, or automatic 
proportional operation 
and conversion em one 


Water solutions. Special 
metric Chiorinizer Model 


method of operation to 7 other oy | be made in the field. Also 
or 


del CGS for extreme accuracy over a 


available in Gravimetric 
wide range. 


FILTER GAUGES 


Filter Gauges are usually mounted 

on the operating table convenient 

to valve controls, but can be mount- 

ed on self-supporting floor stands 

where desirable. The indicator and 

chart ep my accurate information 

es y on a Builders 

jiaphragm Pendulum nits. At- 

Loss o pt a Rate of tractively designed for modern 

af oat lant interiors. Available in many 

combinations to indicate and/or record Rate of Flow, Loss of 

Head, Liquid Level and Sand Expansion. Special types are cus- 
tom built to engineers’ specifications. 
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FLO-WATCH 


A small, medium priced mechanical instrument which measures 
flow of liquids, steam, air and gas through standard differential 
producers such as Venturi Tubes, Nozzles and Orifice Plates. 
This sturdy and accurate instrument is available in a variety of 
mountings and dial combinations. It is widely used for remote 
operation of secondary instruments, or the automatic propor- 
tional control of dry or liquid chemical feeders. Totalizes by 
means of fast moving, seven-digit cyclometer-type mechanism, 
indicates on uniformly spaced 10-inch Semmentel indicator, and 
records on uniformly graduated 12-inch chart. 


FILTER CONTROLLERS 


Several models are offered, each de- 

signed for particular conditions, to 

automatically maintain constant 

flow rate through the filter bed. 

Model RCE features smooth, un- 

wavering control; low loss of head; 

sturdy, balanced valve; compact 

flexible design; powerful “floating 

piston” and exclusive molded ta- 

pered piston seal. All rotating 

Model RCE Direct bearings anti-friction. Modified for 

Acting Controller. higher pressures and _ velocities, 

these controllers serve as Wash 

Water Controllers or in the effluent 

lines from pressure filters. Models RCA and RCB are hydrau- 

lically operated. Model RCA has a gate type valve with specially 

shaped seat. Model RCB has a special double butterfly valve of 
rectangular section and is used for lines over 12” diameter. 


PNEUMATIC METERS AND GAUGES 


Builders has developed a pneumatic system for use in combina- 
tion with differential producers, filter plant gauges, chemical 
feeders, and continuous weighing scales to meter, proportion and 
control flows and pace secondary feeders. This system permits 
pneumatic summation of as many as 20 flow meters in one unit. 
Using a transmitter with a pneumatic unit and a receiver with 
corresponding calibrated element, the system can be applied ad- 
vantageously and inexpensively. 


METERS FOR OPEN FLOW 


Flow through partially filled pipes, sewers and open channels, 
using a Kennison Nozzle, Pa itt Flume, or Weir, where there 
is a wide range of flow rates, can be accurately measured using 
standard Builders instruments. The Kennison Nozzle is particu- 
larly successful in measurement of raw evapo sludge and trade 
waste. It is available in sizes from 6” to 3 


CHRONOFLO TELEMETERS 


Chronofio Telemeters bring to a central op- 
erating point, from widely scattered loca- 
tions, accurate records of flow, level, pressure, 
temperature, gate position and weight. 
Chronoflo Transmitters are electrically con- 
nected by a simple two-wire circuit to Chron- 
ofio Receiving Instruments. Automatic pro- 
portional control of Chemical Feeders in step 
with rate of flow is accomplished by a simple 
attachment to a standard Chronoflo Trans- 
mitter. 


WRITE FOR RECOMMENDATIONS, 
ENGINEERING DATA AND BULLETINS 





BUILDERS PRODUCTS 


The Venturi Meter * Flo-Watch Mechanical Flow Meters * 
Gieseete Tease Cee See > Vases Seems Conmelion 
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Meters and Controllers * Filter Gauges * Sand Saosin Gauges 
*Fileer Operating Tables © ——- Filter —— . Keanieen 
Open Flow Nozzles * Chronoflo T: 

Conveyoflo Continuous Weighing Scales « Propet Main Lise 

Water Meters * Chiorinizer Chlorine Gas Feeders 























SELECTION OF MAIN LINE METERS 


With a Set of Charts Designed to Simplify the Problem 
J. C. THORESEN, Engineer 
Builders-Providence, Inc., Providence, R. I. 


N the selection of suitable meters for main gravity and pump 

discharge pipe lines, price is too frequently the sole determin- 
ing factor, whereas a closer examination of the proposals may 
demonstrate that such a decision would be definitely improper 
from an economic standpoint. This does not assert that the 
lowest priced equipment is never warranted, but simply that expe- 
rience has repeatedly emphasized the importance of making an 
evaluation of design and specifications. These include the repu- 
tation of the meter; its anticipated life; materials, workmanship 
and finish; probable cost of maintenance; character of informa- 
tion furnished, such as size of dials and charts, uniformity of 
graduations, whether direct reading in units of flow or indirect 
in nominal values or differentials; and, most important, the fric- 
tion loss induced. It is not the purpose of this paper to compre- 
hend all of these, but to devote the discussion to the last men- 
tioned, the friction loss, resulting in loss of pressure, or power, 
or both, occasioned by the insertion of the flow measuring element 
in the pipe line. 

For gravity lines under low heads, the friction loss of the pro- 
posed meter should be carefully studied to determine whether 
objectionable in its effect on the hydraulic gradient. In a pump 
discharge line, friction loss alone may not 


ten or more times as great as at the inlet. After passing the 
throat, the velocity is decelerated through a gently expanding out- 
let cone, with consequent gradual regain in pressure. The velocity 
distribution is equal across the throat and the rate of flow is 
based upon the throat area. Throughout this interchange of 
velocity and pressure, there is wall guidance of the flowing stream 
and turbulence is avoided. For this reason the standard Venturi 
Tube has definite advantage over the Orifice in the important 
matter of pressure loss. 


Orifice Plates and Nozzles 


Fig. II illustrates one form of the “Nozzle”, of which there 
are various designs. The type shown is slightly better than the 
Orifice in pressure loss characteristics, but not enough to war- 
rant separate consideration. The graph (Fig. IV) shows the 
comparison of friction loss for the three differential producers 
mentioned. The steep slope of the two upper curves for the 
Orifice and Nozzle are in sharp contrast to the Venturi curve: 
in the Venturi the friction loss changes but a few per cent for a 
wide range of the throat diameter to inlet diameter ratio (ds/d:) 
in contrast with the other two devices. It will be observed that 





be of significance, but when considered to- 
gether with pipe line size and hours of 
operation, the combination of these three 
factors may be of great monetary impor- 
tance in a 12 months’ period. 


In general, main line meters operate on 
the inferential principle: that is, the flow 
rate is “inferred” from the difference in 
pressure induced by a “restriction” placed 
in the pipe line and transmitted to the re- 
cording instrument, through which no flow 
occurs. It is readily appreciated by all 
water works men that elbows, tees, partly 
closed valves or other fittings add to pipe 
line friction loss and must be reckoned 
with in the design of the system. So it is 
with meters. Whether water is first lifted 
to a reservoir or pumped directly through 
the pipe line, the additional load is reflected 
back upon the pumps, requiring provision 
for more horsepower than would otherwise 
be required, and power always costs money. 


Forms of Differential Producers 


There are only a few forms of “differen- 
tial producers” for insertion in pipe lines. 
Of these, the Venturi Tube and Orifice 
Plate are by far the most widely employed. 
They are entirely unlike in their con- 
struction. 

The Orifice (Fig. III) is essentially a 
flat plate between flanges of the main pipe. 
As the flowing water approaches the Plate, 
the stream lines undergo an abrupt (nearly 
90 degree) change in direction; then, after 
passing through the Orifice opening, start 
to expand again until finally the pipe line 
is completely filled. As would be expected, 
there is considerable turbulence in the 
surrounding annular space on both sides of 
the Orifice occasioning a relatively high 
over all pressure head loss. 


The Venturi Tube 


The Herschel Standard Venturi Tube 
(Fig. I) is of “streamlined” proportions. 
It fe a section of the pipe line. As 
the flow progresses from the inlet sec- 
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tion there is a rapid acceleration of velocity 
with decreasing pressure until the “throat” 
is reached, where the speed of flow may be 


Figs. I, Il and 111—Three Forms of Differential Producers for Main Line Metering. 
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the friction loss is in per cent of the Orifice or Venturi differ- 
ential head (i ¢—head at inlet minus head at throat) which may 
reach a maximum of 10 to 20 feet of -water, if not more, for 
accurate metering. 

A reduction in the unrecoverable loss of head through an 
Orifice or Nozzle to a value comparable to the Venturi Tube, 
increasing the size of the orifice or nozzle opening, also reduces 
the differential pressure at any given rate of flow and results in 
a decreased measuring range. 

Example: 10-in. Herschel Standard Venturi Tube oy 4-in 
throat. Rate of flow 1,400 gallons per minute. d:/d; = 

By following directions for Example 3 given on the hod of 
Flow Alignment Diagram, Fig. V, we find differential head = 
240 inches of water. 

Loss of Head, Fig. IV, 11%4% of 240 inches = 27.6 inches of 
water 

Assume that the average meter recording instrument wil not 
respond accurately to changes in differential of less than .010 
inches of water. 

Minimum differential equals 1.00 inches for performance ac- 
curacy of 1% of differential. 


Rate of flow varies as square root of differential 

° - / 240 

- accurate measuring range of Venturi = { rod 
1 


15.5 to 1 or 1,400 to 90 G.P.M. 


For same unrecoverable loss of head of 27.6 inches Orifice 
Plate opening would be 7.06 inches (approx.) or d:/di = 

Differential pressure for 1,400 G.P.M. = 53.4 inches of water. 

i of Head (Fig. IV) = 514% of 53.4 inches of water 
= 4/ 


, . 53.4 
Accurate measuring range of Orifice Plate = / am i 
1 


73 to 1, about one-half that of Venturi. 


Having now established briefly the characteristics of two prin- 
Gipal differential producers, let us determine their practical sig- 
Rificance by recourse to common problems met in water works 
practice. 

Horsepower is measured in foot-pounds of work performed 

a definite time period. If we raise a 50 pound weight a dis- 

nce of one foot, the work done is 50 foot-pounds. By analogy, 

we have 8.340 pounds of water (approximately 1,000 gals.) 

r minute flowing through a pipe line and one foot of head is 

st by pipe friction, the result is the same as though the water 
had been raised one foot, or energy is being expended at a rate 
6f 8,340 foot-pounds per minute. 


Practical Problems 
Two practical problems are cited to illustrate the method of 


reg the comparative cost of using Venturi Tubes and 
ifice Plates 


Problem A 

Water pum through line containing 16 inch Herschel Stand- 
ard Venturi Tube with 6% inch throat. 

Average rate, 3,700 G.P.M. 

ee pump with over-all (wire to water) efficiency 
oO ° 
Average operating period 15 hours per day for 360 days per 
year. 


Power cost 14c per K.W.H. 


65 
d./d, = — = 405 
16.0 


Using Alignment Chart, Fig. V, Venturi differential = 240 
inches = 20 feet of water. 


Bey Fig. IV, corresponding friction loss = 114% of 20 feet 


3,700 G.P.M. x 8.34 = 30,858 pounds. 
oo A = 30,858 x 2.3 = 70,973 foot-pounds per minute ; 
and ——— = 2.15 horsepower. 
33,000 
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Equivalent electrical loss = 2.15 x .746 = 1.605 kilowatts. 
1.605 
Corrected for motor and pump efficiency = 229 KW. 


Cost of power per year 


= Hours x KW. Loss x 
(3600 x 15) x (229) x 


Cost per K.W.H. = $185.00 
(015) =1 


From Fig. V, an Orifice Plate for same maximum flow would 
have an opening 8.25 inches diameter. 


8.25 
d:/d; = —— = .515. 
16 


Loss through Orifice = 71% of differential = 71 x 20 


14.20 feet. 


14.20 
HP. Loss = —— x 2.15 = 13.3. 
2.3 


13.3 
Cost of Power per year = 2s x $185.00 = $1,145.00. 
1 


Cost of 16 inch Venturi Tube 
Cost of 16 inch Orifice Plate and Flanges 


Difference $575.00 
Saving in power consumption by using the Venturi Tube, 
$1,145.00 — $185.00 = $96.00 per year. 
960 
Omitting depreciation, — = 167% return on investment. 


Conclusion: In comparison with the Orifice, the Venturi Tube 
would pay for itself in about six months and should be selected. 


Problem B 


Motor-driven pump operating 15 hours per day, 350 days ver 
year = 5.250 hours per year. 
Discharge line, 4.00 inches. 
Wire to water efficiency. 60%. 
Cost of power, 2c per K.W.H. 
Pump discharge average rate, 100 G.P.M. 
400 inch Venturi Meter designed for a maximum of 350 
G.P.M.; throat diameter, 2.00 inch 
2.00 
d,/d; = — = . 
4.00 
Following the procedure outlined in “Problem A” and using 
Alignment Chart, Fig. V. differential pressure across the Ven- 
turi connections for 100 G.P.M. is 1834 inches water. 


From Fig. IV, friction loss = 10%% of 18% inches = 1.97 
inches or .164 feet. 


100 x 834 x .164 
33,000 


Substituting an Orifice Plate for the Venturi Tete the 18% 
inches differential (Fig. V) gives Orifice opening of 2.49 inches 





H.P. loss = = 00415. 


2.49 
or d/d; = —— = 622. 
4.00 
From Fig. EY, & friction loss = 65.0% of 18}4 inches = 11.32 


inches or : 
945 
H.P. loss = —— x .00415 = 024. 
164 
024 — 0199 excess of H.P. loss of Orifice over 
Venturi. 


0199 x 746 = .0148 K.W. 


Corrected for pump efficiency 


0148 
— = 0247 KW. 
60 


00415 = 


Difference in cost of power per year of operation = cost 
K.W.H. x electrical loss x hours of operation = 0199 x | 
x 5,250 = 

Cost of 4 inch X 2 inch Venturi Tube 

Cost of Orifice Plate and Flanges 








RECOVERY CHARACTERISTICS OF DIFFERENTIAL PRODUCERS. 
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Fig. 1V—Recovery Characteristics of the Venturi Tube, Nossle and Orifice. 
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Fig. V—Chart for Rapid Determination of Flow Rates, Differentials, Venturi Throat and Orifice Diameters. 
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Fig. VI—Chart for Power Losses Through Venturi Tubes and Other Differential Producers. 
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Fig. Vil—Corvection Factor Curves. (For use with Alignment Chart for Power Losses—Fig. V1.) 
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Conciusion: On the basis of a saving of pag 5 of only $2.58 
per year, it is readily apparent that it will take _— to pay 
the increased cost of the Venturi Tube, and there from a 
monetary viewpoint, the Orifice Plate should be selected. 

To simplify the calculations needed for any meter installation 
a Horsepower Alignment Chart (Fig. VI) has been prepared. 
It is easily used and the results are accurate to within a few per 
cent. Its application to the two problems calculated in the pre- 
ceding paragraphs is illustrated: 

Problem A 

16 inch X 6% inch Venturi Tube compared with 16 inch Orifice 
Plate having 8.25 inch ses. 

Flow Rate, 3,700 G.P ; 

6. 


(1) For the Venturi Tube d,/d, — = 406 
16.0 
8.25 

For the Orifice Plate de/d, = —— = .515 

16.0 

(2) From Fig. VII, “Correction Factor” 
is .992; for the Orifice Plate .783. 

(3) To obtain the “Inlet Diameter Corrected for Ratio” for 
the Venturi Tube or Orifice, multiply the throat diameter or 
Orifice opening by correction factor x 2. For the Venturi Tube, 
62 x 992 x 2 = 1289. For the Orifice Plate 823 x .78 x 2 
= 1288. Theoretically, these two products should Se exactly 
the same; their close agreement checks the accuracy of the work. 

(4) From the point 12.89 on the Corrected Inlet Diarneter 
Scale (1) draw a straight line through 3,700 G.P.M. on Rate 
of Flow Scale II. Extend this line until it intersects the Index 
Line. 

(5) From the “Recovery Characteristics” Chart, Fig. IV, the 
friction loss of a Venturi Tube with d./d, ratio of .406 is 11.5% 
of differential; for the Orifice Plate with ds/d: ratio of .515 it 
is 71%. 

(6) From the point previously located on Index Line III of 
Alignment Chart, draw two lines, one to the 11.5% point on the 
Loss of Head Per Cent of Differential Scale IV; the other to 
the 71% point on the same scale. 

(7) These two lines cross the Horsepower Scale V and the 
points of intersection represent the horsepower loss for the Ven- 
turi Tube and Orifice, respectively 2.15 and 13.25. 

(8) The difference in cost of operation of the two differential 
producers can be quickly determined by using the following sim- 
plified formula: 

Excess cost of using Orifice Plate over Venturi Tube 


(HP,.—HP.) xX Kx TxC 
E 


for the Venturi Tube 





In which: 
HP, = Horsepower Loss for Orifice Plate 
HP, = Horsepower Loss for Venturi Tube 

K = Conversion Factor, HP to KW = .746 


T = Total hours of operation 
C= Cost of Power per KWH 
E = Wire to water efficiency of pumping unit (motor and 
pump) usually 50% to 80%. 
Substituting the values in Problem A 
Excess cost of Orifice 
(13.25 —2.15) x .746 x (3600 x 15) x .015 
a 70 a 
This corresponds almost exactly with the previously calculated 
difference in cost of $1,145 — $185 = $960.00. 
Problem B 
4.0 inch x 2.0 inch Venturi Tube yaym with Orifice hav- 
ing 2.49 inch opening. Flow rate 100 G.P.M 
2.0 
(1) For the Venturi Tube d:/d; = “a = 05. 
4: 





For the Orifice 


2.49 
d,/d, == = 622 
4.00 


(2) From Correction Factor Chart (Fig. VII) correction 
factor for Venturi Tube is 1.00 and for Orifice Plate .80. 

(3) Inlet diameter corrected for ratio: Venturi Tube ‘20 x 
1.00 x 2 = 4; Orifice Plate 249 x 80x 2= 4 

(4) From point 4 on Corrected Inlet Sma Scale I, draw 
a line through the 100 mark on the Rate of Flow Scale ii. Ex- 
tend this to the Index Line ITI. 

(5) From Chart, Fig. IV, friction loss of a Venturi Tube 
with ds/d, ratio of 50 is 10%4% of the differential; for an Orifice 
Plate with a ds/d; ratio of .622 it is 60.5%. 

(6) From the point previously located on Index Line III, of 
Alignment Chart, draw two lines, one to the 10.5% point on the 
loss of Head Per Cent of Differential Scale IV and the other to 
the 60.5% point. 

(7) The points of intersection of these two lines with the 
Horsepower Scale represent the horsepower loss for the Venturi 
Tube and Orifice, respectively, .0038 and .024 

(8) Difference in cost of operation 


(HP.— HP.) xX KX TxC 


E 
(.024 — .0039) x .746 x 5250 x .02 


60 


This solution by use of the diagrams agrees very closely with 
the calculated figure of $2.60. 

Following the procedure as outlined and with the aid of the 
several diagrams presented anyone, after a little preliminary prac- 
tice, can by their use quickly determine the most economical 
type of meter for any installation under consideration. 





= $2.63 
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R. W. SPARLING 


MANUFACTURER OF 


MAIN-LINE WATER MEASURING EQUIPMENT 


Box 3277, LOS ANGELES 54 1500 South Western Avenue, CHICAGO 8 
626 Broadway, CINCINNATI 2 101 Park Avenue, NEW YORK 17 6 Beacon Street, BOSTON 8 
1932 First Avenue, SEATTLE 1 726 Reserve Loan Life Bldg., DALLAS 1 


INDICATORS ® RECORDERS 
TOTALIZERS ° CONTROLS 


i OTAL IZATION is the primary Flow-rate indicators and recorders are 

SS in all Sparling Main Line available for use with Sparling Meters if, 
Meters. Accuracy at rated ranges is as and when required. The mercury-gov- 
guaranteed within 2 per cent, and loss ernor type, with circular charts for 24- 
Of head is negligible! hour or 7-day records, are mechanically 
controlled within 15 feet of the meter, or 
electrically controlled at any distance. 
They may be Pedestal, Wall or Panel 
mounted. 








SPARLING Meters are complete Total- 

izing units, installed as easily as a 
length of the pipe itself. They can be 
Mounted on the suction or the discharge The differential type, shown above, has 
Side of pump. a straight-reading 60-day strip roll chart. 
Indicator scale is calibrated in two flow 
equivalents. Operated by electric remote 
control. 


[he Compound meters are installed 
horizontally, but the tube and saddle type 
parling Meters may be installed hor 
ontally, vertically, or on an angle. Mechanical or electric controls for auto- 


Registration is in any quantity unit de- metered chemical feed are available. 


Sired 


> 


FLANGED TUBES—2-inch to 36-inch 
SCREW TUBES—2-inch to 6-inch 

BELL & SPIGOT—4-inch to 36-inch 

SADDLE-MOUNTED—46-inch to 72-inch COMPOUND Meters for Mains 6-inch to 36-inch 


” Consistent accuracy over flow-range as wide as 1-to-125 


Fire Hydrant Meter Differential valve cracks at about one pound per square inch back pressure 
Easily hed he hyd * ee from the smaller meter. The smaller meter measures all flows below the 
easy attached to the hydrant and connected t minimum accurate range of the larger meter. Both meters drive through 
og hose for pa gp. of flows yer ratchet clutches to a common totaliser, which thus operates with the faster 
30 gpm up, with only 1 pound per square inch . ‘ 
pressure loss at 200 gpm. Weight, 20 pounds. ne eee 
With Standard Hose Coupling (2}4”), $200. Bulletin 310 comes upon request 
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PROPELLER-TYPE METERS 
For Main-Line Metering 


JAMES M. MONTGOMERY* 
Consulting Engineer, Los Angeles, Calif. 


THE principle of the current meter has been used as a primary 
metering element for the measurement of stream flows for 
over thirty years. During the past fifteen years this same cur- 
rent meter principle has been applied as a primary element for 
the measurement of main-line flows by R. W. Sparling, of Los 
Angeles, and has proven itself well suited for this purpose. 


The Propeller-Meter 


The propeller-type meter, as illustrated in Figure I, is made 
up of a six-bladed propeller approximately eight-tenths of the 
pipe diameter mounted transversely in the center of the pipe. The 
propeller is made of a plastic material, having a specific gravity 
of approximately one, and is suitable for use in either cold water 
or hot water up to 300° F. The propeller practically displaces its 
own weight in water and is mounted on ball bearings which allow 
it to rotate freely in the stream of water. 


Calibration 


Experiments and experience have shown that a propeller will 
rotate in direct proportion to the velocity of water in a pipe at 
all flows above an approximate pipe velocity of one-half linear 
foot per second. The index, or the number of cubic feet passing 
through the pipe for each turn of the meter shaft, is determined 
from volumetric tests. From this index proper gears are fur- 
nished for direct totalization of the flow. 


Characteristics 


The current metering principle has certain characteristics that 
make it particularly well adapted for main-line measurement, 
as the action of the propeller is solely dependent upon the velocity 
of flow in the line. The pressure requirement is only such as to 
always maintain a full pipe of water. The loss of pressure caused 
by the metering element in sizes 6” and larger not exceed 
six (6) inches of water at normal maximum pipe velocity. 

Continued accuracy of the current type meter is dependent 
chiefly upon maintaining a clean metering section and a propeller 
free from incrustation. The plastic propeller has proven itself 
well suited for this purpose as it is practically inert and will re- 
sist both corrosion and electrolytic action. In order to maintain 
a uniform meter section the propeller assembly may be mounted 
in either a cast-iron or steel tube having a bronze liner. 


Installation 


The metering element may be installed directly on existing pipe 
lines by means of a saddle either bolted or welded directly on the 

in. In such installations it is important that the inside diam- 
eter of the pipe be accurately ermined. 
In all installations the meterhead may be 
removed from the pipe line very quickly and 
easily and it is normally good practice in 
sizes 12” and smaller to make a yearly in- 
spection and sizes 16” and larger, every 


One pipe diameter downstream is normally sufficient for all in 
stallations. Unless approximately ten pipe diameters are avail 
able ahead of the meter, it is always good practice to use the 
straightening vanes. When the metering element is installed 
complete, with either a flange or bell and spigot tube, the three 
vanes mounted directly inside this metering section constitutes 
a complete unit ready for installation. 

The metering element can be installed in either a vertical or 
horizontal pipe line and is suitable for mounting on either the 
suction or discharge side of a centrifugal pump. 


Compound Design 


Figure II is a sectional illustration of a compound meter suit- 
able for use where an extremely wide range of flow measure- 
ment is required. A range of 150 to 1 is possible. A compound 
unit consists chiefly of two propeller-type meters working in series 


Fig. I—Cutaway View of Propeller Meter 

Note the flow straightening vanes in the 

tube, the whole unit ready for insertion as 
a single piece in the main-line. 


through a pair of rachet clutches, allowing the meter revolving 
at the highest speed to drive the totalizing register. On the very 
low flows the large meter will under-register and thus allow the 
small meter to drive the totalizer. As the flows increase a pipe 
velocity is reached where the large meter has come into step 
and the small meter is operating at a high capacity. At this 








five years. 

In selecting the proper location for the 
metering element it should be kept in mind 
that a normal flow of water, free from 
either spiralling or jet action, is required 
for accurate results. The spiralling effect 
that may be caused in a flow of water pass- 
ing through a series of elbows, can be 
largely corrected by installing straightening 
vanes in the line preceding meter. 

Various forms of such vanes are in use 
but a very simple and effective correction 
may be made by the installation of three 
vanes — each approximately one-third the 
pipe diameter and two one-half pipe diameters long, set at 
120 degrees to each other in the pipe. These vanes will not elim- 
inate a disturbance caused by a partially open gate-valve, but are 
effective for double elbows or other standard fittings and with 
such vanes the meter element may be installed with but two pipe 
diameters of straight approach. 


*President, J. M. Montgomery & Co., Engineer. 











Fig. 11—Section Through Propeller-Type Compound Meter Note valve which closes 
on low flows to cause entire flow to pass through small meter. 


point the pressure loss caused by the small meter operating on 
the differential area of the ing valve forces the valve 
to lift itself and allow the higher flow to by-pass the small 
meter. 


does not normally exceed two pounds at maximum flow. 
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Indicating and Recording Elements 

A rate-of-flow indicating and recording instrument may be used 
in conjunction with the straight totalizing primary element. The 
primary step of a current type meter is direct totalization. If 
the aioeiin indication is desired it must be obtained through 
a secondary step normally involving either a governor bowl or 





Fig. I11—Typical Sparling Indicator-Re- 
corder of the Mercury Governor Type. 


a friction plate revolving at a constant speed with a follower 
locating itself on the plate by impulses from the primary element. 


Figure III illustrates the recording instrument involving a gov- 
ernor bow! which is driven either mechanically up to 15 feet from 
the metering element, or electrically to any distance required. The 
governor bowl consists chiefly of a float riding in the center of a 
mercury well. As the governor revolves, the mercury, through 
centrifugal force, finds its way through a small needle-valve to 
the outer chamber of the bowl, allowing the float in the center 
to have a rising and falling action in proportion to the revolving 
speed of the bowl. This type of governor is effective over ap- 
proximately a 6-to-1 range and is extremely simple and well 
suited for normal pump measurement. 


A recording instrument utilizing the revolving friction plate, 
with a follower locating itself by impulses from the metering ele- 
ment, as mentioned above, produces a straight line of rate indi- 
cation over approximately 25-to-1 range and is well suited for 
recording flows of main distribution or consumption lines. 


Recorders can be adapted to show the combined flows of two 
or more pipe lines and combinations may be furnished showing 
the net total of several lines where the flow of any one pipe may 
be in either forward or reverse direction. 


Application in Chemical Feed Control 


Automatic control of chemical feeders by either mechanical or 
electrical means is readily obtainable from a current meter ele- 
ment as the shaft of the meter is revolving in direct proportion 
to the flow and considerable load may be applied without affecting 
the rotating speed of the propeller. 

If given the period inspection required by any primary meter- 
ing element, the characteristic of low pressure loss and accuracy 
over a wide range of flow allows the principle of the current 
meter to fill an important part in the waterworks field. 


The propeller-type meter is not suitable for measuring raw 
sewage and is not generally recommended for measurement of 
a sewage effluent unless it has passed through a filter bed. Care 
must also be taken when installing such meters on raw water 
gravity lines that screens are provided at the inlet structure to 
prevent excessive algae or weeds from passing down the pipe and 
stalling the meter propeller. 





1¢ FOR AUTO WASHING 
3¢ FOR MISCELLANEOUS USES 
3¢ FOR CLEANING 
3¢ FOR SPRINKLING 
4¢ FOR LAUNDRY 
5¢ FOR DRINKING 
6¢ FOR KITCHEN 


30¢ FOR BATHING 
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TOILET FLUSHING 


WHERE THE 
WATER DOLLAR GOES 


Here is an interesting and anon chart taken 
a 


from the 22nd Annual Report of the ter Depart- 


ment, Springfield, Ill. 


It is based on a survey made by H. V. Pedersen, 
Water Supt. at Marshalltown, Iowa, to determine 
what percentage of water in the average consumer's 
home goes for various uses. 


The Springfield folks have taken these percentages 
and made them more real to the customer, by show- 
ing him that out of every dollar paid for water used 
it only cost him 1 cent to wash his car, only 4 cents for 
laundry work at home, 3 cents for sprinkling in sum- 
mer. 





USE OF CONE VALVES IN DISTRIBUTION SYSTEMS* 


ONTROL valves represent one of the 

A few improvements made in distribu- 
don system equipment during the past 40 
or 50 years. Several valves have been 
devised which operate quite easily even 
against unbalanced hydraulic pressure. 
One such device is the plug or cone valve. 
Basically, this valve is a plug with a 
transverse hole in it. When the valve is 
inserted in a pipeline in the open position, 
water will flow unobstructedly. By turn- 
ing the plug 90 deg., the flow is stopped. 
This is the principle of a stopcock. Both 
are simple and both can be operated 
against unbalanced head with little effort. 
This is a decided advantage over a gate 
valve, which, like a sluice gate, becomes 
harder to operate as the difference in pres- 
sure increases across the valve. 

The cone valve would therefore appear 
to be the ideal valve, and in some respects 
perhaps it is. But there are other factors 
to consider beside its mechanical merits. 
Like so many good things in this world 
it has the unfortunate disadvantage of 
being expensive. Size for size, it is many 
times more costly than a gate valve. Much 
of this increased cost is due to a clever 
mechanism which rotates the plug. Unlike 
the stopcock, which rotates in full contact 
with the valve body, the plug of the cone 

valve must be raised slightly to provide 
clearance before rotating and then low- 
ered to seat, after it has turned 90 deg. 
To perform this complicated mechanical 
operation by the continuous rotation of a 
single operating nut requires a lifting, 
plug- rotating and seating mec hanism, 
which materially increases the cost of the 
valve. 

The disparity in cost between cone and 
gate valves can be brought more nearly 
in line by using a size of cone valve much 
smaller than would be considered for a 
gate valve. This is possible because a 
cone valve, when open, presents a smooth 
bore to the flow of water, and, when the 
velocity is increased by the reduction in 
diameter, there are no cavities or projec- 
tions inside the valve to retard the water. 
The hydraulic loss through the cone valve 
is equivalent to that of a piece of pipe of 
similar length and diameter. Very little 
hydraulic loss is caused by the reducer, 
and if the increaser is long enough the 
total loss is quite small 


Cone Valve Operation 
The cone valve shows up to best advan- 
tage in operation. Since unbalanced head 
has little or no effect, it can usually be 
*Reprinted from JAWWA. Vol. 41, p. 84 by 


permission 


LAURIE M, LEEDOM 


Construction Engineer 
Division of Water, Newark N. J. 


operated by one man, and since it has 
relatively few turns it can be operated in 
a few minutes. With present-day prices 
of labor, this is a distrinct advantage. 

In the Newark Water System there is a 
60-in. pipeline from Cedar Grove Reser- 
voir to a point in the city. The line is 6.8 
miles long and has three 48-in. gate valves 
in it, each of which has about 450 turns 
and requires six or eight men when oper- 
ated by hand. Operating one of these 
valves requires a minimum of six to eight 
man-hours, because the men must rest 
periodically or be spelled by others ready 
to take their place. It is a slow and labor- 
ious job 

Five years ago a 24-in. cone valve was 
installed in this line (see Fig. 1 and 2). 
This valve can be operated by one man 
and, since there are only 72 turns, the line 
can be shut down or opened in a few min- 
utes 

A reduction from 60 to 24 in. may seem 
at first to be too great. However, as the 
average flow in this line is 50 mgd., the 
velocity is 3.94 fps. Reduring the diameter 
to 24 in. increases the velocity to 24,60 
fps. through the cone valve. Computing 
the loss of head through a Venturi tube of 
similar dimensions shows a total of about 
1.4 ft. For a maximum flow of 80 mgd., the 
loss of head across the valve and its re- 
ducer and increaser is 3.5 ft. These losses 
are about equal to 1,200 ft. of 60-in. pipe 
with a Hazen-Williams coefficient of 100. 
Because the Newark water system oper- 
ates solely by gravity, this loss is not too 
serious. 

The reducer on this cone valve installa- 
tion has an included angle of 30 deg., 
while that of the increaser is 8 deg. Both 
pieces are made of welded sheet steel, 
flanged at the small end and bolted to the 
cone valve. The large ends are welded to 
the pipeline. A coating, inside and out, of 
bitumastic enamel gives corrosion pro- 
tection to the steel. The decreaser and 
increaser on this initial cone valve instal- 
lation were made concentric, but all sub- 
sequent pieces have been designed as 
eccentric. They have a double advantage. 
By placing the straight side on the bottom 
they produce a uniform grade of invert 
through the valve installation and, in so 
doing, lower the cone valve, making it 
more accessible and reducing the vault 
ceiling elevation. The latter is sometimes 
a very important consideration if cone 
valves are to be installed in mains laid 
with shallow cover. Eccentric reducers 
and increasers also facilitate inspection of 
the valve from inside the pipe and permit 
draining the line during unwatering op- 
erations 
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Cone Valve Installation 
WwW. @& S. 


It has been found that most large disc 
valves are almost, if not entirely, impos- 
sible to close under greatly unbalanced 
pressure. Disc valves in 24- and 36-in. 
sizes are extremely hard to close when the 
difference in pressure across the valve 


Sowa 




















Fic. 2. Cone Valve Section 
amounts to 100 psi. or more. The seat 
rings are often badly scored by such an 
operation and a bent stem also frequently 
results. It would seem, then, that cone 
valves are the logical answer to such a 
problem. If pressure throughout the sys- 
tem is obtained by gravity rather than by 
pumping, small cone valves with properly 
designed Venturi reducers and increasers 
can be installed without adding to the cost 
of delivering water. 


Graphitic Corrosion 

Even though cone valves are installed 
in vaults and do not come in contact with 
the soil, it is believed advisable to specify 
corrosion-resistant cast iron for the body 
of the valve and the plug. An examination 
of a number of Newark gate valves which 
had been in service for many years showed 
that the discs and the inside of the valve 
bodies had deteriorated from graphitic 
corrosion. Some seat rings had been 
sheared off the discs because of the weak- 
ened condition of the metal forming the 


TABLE 1 
Composition of Cast Iron in Valves 
Quantity 





Element 
Total carbon 
Silicon 
Manganese 
Nickel 
Chromium plus molybdenum 
hosphorus (max.) 
Sulfur (max.) 


shoulder on the disc. Newark specifica- 
tions for cone and air valves therefore 
require the cast-iron composition shown 
in Table 1. This will produce dense, cor- 
rosion-resistant castings with a tensile 
strength about twice that of ordinary gray 
iron (1). At present the specification of 
alloy cast iron increases the time of de- 
livery and adds to the cost per pound, 
because it constitutes a special order. 
Valve manufacturers, however, state got, 
if alloy cast iron were generally s 
for valve bodies and parts pe oe or- 
dinary cast iron, the water departments 
could get much better castings and the 
increased cost would be negligible. 
Everdur* bolts and bronze nuts are spe- 
cified for the assembly of cone valves. 


"A ~—y of the American Brass Co., Water- 
bury, in. 
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Although they cost more than steel bolts, 
they are not subject to corrosion and, 
regardless of age, can be readily removed 
and used again. Steel bolts may rust and 
may have to be burned off and replaced if 
their removal becomes necessary. 

Newark Installations 

The city of Newark is now installing 
four cone valves to control the flow in 
large mains. A 16-in. automatic pressure- 
regulating valve is being placed in a 42-in. 
main and an 18-in. automatic valve in a 
48-in. main. A 24-in. and a 30-in. manual 
valve are being installed at different 
points in a 60-in. main. It is intended to 
place 18- and 20-in. cone valves in the 
throats of 42- and 48-in. Venturi meters, 
re spectively. 

At a main control center in the Newark 
system, a 60-in. pipe is connected to sev- 
eral intersecting 36- and 48-in. mains. The 
pipes were laid before the day of cone 
valves, and the various connections were 
made by means of manifolds consisting of 
three 20-in. connections. Each connec- 
ting pipe is equipped with a 20-in. gate 
valve, and some of the manifolds are 


double-gated. The purpose of the mani- 
fold connections was to make operation 
easier, but, since some of the 20-in. valves 
have nearly 200 turns, it is still a laborious 
and time-consuming job to make a shut- 
down, even when pressures are balanced. 
When pressures are unbalanced, a shut- 
down is almost impossible. 


A number of years ago a 36-in. main 
broke and it was several hours before a 
complete shutdown could be effected. The 
pressure on the upstream side of the 
valves was about 100 psi. while down- 
stream it was about zero. The valves were 
extremely difficult to operate and exten- 
sive damage was sustained until the flow 
of water could be stopped 


manifolds can now be 
replaced with single connections, each 
equipped with a cone valve. When com- 
pleted, sixteen cone valves will replace 
forty-five 20-in. and 36-in. gate valves at 
the control center and will provide even 
greater flexibility of operation than is 
now possible with the old connections 
In the new layout, 36-in. pipes will be 
equipped with 14-in. cone valves, 48-in 


The outmoded 


pipes with 18-in. valves and the 60-in. pipe 
with 24-in. valves. 


Added Safety Factor 

Cone valves have another advantage 
over gate valves: they can be installed in 
such a way as to be safer to operate. Since 
a cone valve may be operated by one man, 
the vault can usually be so constructed 
that a portion of it will extend under the 
sidewalk where a manhole can be placed 
Other things being equal, the operation of 
a cone valve from within a vault is much 
safer than the operation of a gate valve, 
which is almost invariably in the street in 
the midst of traffic. 

A cone valve can be operated quickly 
and with comparatively little effort. The 
significance of such virtues in a valve can 
best be appreciated by any water works 
operator who has seen his men push and 
tug at a recalcitrant gate valve, expending 
great energy and consuming precious min- 
utes, after a break has occurred on a large 
water main. 


Reference 


Leepom, Lavare M 


Graphitic Corrosion of 


1 
Cast Iron. Jour. A.W.W.A., 38:1392 (Dec. 1946). 


METHODS OF CLASSIFYING COMMUNITIES FOR FIRE INSURANCE RATINGS* 


“Municipal classifications are determined 
by the application of the Standard Grad- 
ing Schedule for Grading Cities and Towns 
in the United States with reference to their 
fire defenses and physical conditions, after 
field inspection and test of the local facili- 
ties. The grading schedule is based on the 
premise that a community with no protec- 
tion would have a deficiency grading of 5,000 

»ints, while a perfect community would 
- a deficiency grading of zero points. 
The chief items that are taken into con- 
sideration are Water Supply, Fire De- 
rea, Fire Alarm System, Police, 

uilding Laws, Fire Prevention and Struc- 
tural Conditions. The maximum number 
of points chargeable to each of these items 
are as follows: 


1,700 


Water Supply..... 
i ...1,500 


Fire rtment 
Fire Alarm mn. 
Police ..... ’ 
Building Laws... 
Fire Prevention......... 
Conditions... 
I ncihithtinvticiininbatiiie ...5,000 
“The quantity of water required for fire 
protection purposes in each community 
varies with the structural conditions which 
constitute the principal mercantile district 
or high value area and in average com- 
munities with normally anticipated struc- 
tural conditions the required flow is deter 
mined by the formula : 


G = 1020 VP a 01 VP) 


where G equals gallons per minute, and P 


* Presented before the Northeastern Water Works 
Co. Group Meeting in Camden, N.J. 


H. R. BOGARDUS 
Engr. & Asst. Supt., 


equals the population in thousands. The fire 
flow thus obtained for each community con- 
stitutes the basis for the grading schedule 
set up for that community in that most 
items in the schedule have a direct rela- 
tionship to this feature of the supply. How- 
ever, in all communities special conditions 
such as extensive flammable liquid storage 
or hazardous manufacturing activities may 
demand greater quantities of water in 
these special areas. 

“Generally speaking, however, fire flow 
demand for principal mercantile districts 
or high value districts range from 1,000 
g.p.m. for a period of four hours for a 
normal community of 1,000, to 12,000 gpm 
for a period of ten hours for a normal 
community with a population of 200,000. 
The required fire flow in residential dis- 
tricts depends upon the character and con- 
gestion of the buildings. Sections where 
structures are small and of low height, 
with about one-third of the lots in the 
block improved with buildings, require not 
less than 500 gpm. With larger or higher 
buildings, up to 1,000 gpm. is required, and 
where the district is closely built on, with 
buildings approaching the dimensions of 
hotels or high value residences, 1,500 to 

000 gpm. is required, with up to 6,000 
gpm. necessary in densely built sections 
of three stories and higher. 

“These requirements merit some explana- 
tion, however, in that they indicate the 
quantity of water which authorities believe 
should be available in these respective dis- 
tricts, but it being recognized that lesser 
quantities are of appreciable value in fire 
fighting, the general practice is to accept 
for recognition for the establishment of a 
protected area, all hydrants which can be 
depended upon to deliver a minimum of 200 
gpm. for a period of one hour. Hydrants 
meeting this requirement entitle the com- 
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The Fire Insurance Rating Organisation of NJ. 


munities in question to a protected rate for 
all properties within 500 feet. 

“Careful consideration in all cases should 
be given to hydrant spacing because the 
value and capacity of the water system 
is entirely dependent on the availability of 
the fire hydrants. In general, hydrants 
should be spaced so as to serve maximum 
areas of 40,000 to 120,000 square feet, de- 
pending on the structural conditions in the 
particular area. These area requirements, 
however, may be modified in residential 
districts consisting of single streets or rural 
roads without block development where 
buildings are normally on 100-foot lots, to 
provide a coverage of 120,000 square feet 
per hydrant by considering a width of pro- 
tection of 200 feet and a spacing of 600 feet. 

“In setting up municipal grading sched- 
ules the first consideration is given to the 
‘limiting factor’ of the water system in that 
it is readily recognized that a hydrant or 
a system of hydrants might deliver from 
1,000 to 5,000 gpm. whereas the capacity 
of the system over and above the consump- 
tion demands for a period of hours might 
be restricted by a supply works capable of 
delivering, for instance, only 500 gallons 
per minute, offset to only a slight extent 
by storage of 100,000 to 300,000 gallons, in 
which case the delivery of hydrants would 
indicate the limiting factor of the system. 
In other instances the capacity of the sup- 
ply mains from the source of supply might 
be such that the initial flow at hydrants due 
to proximity of storage could not be main- 
tained, or in other instances pumping equip- 
ment could be of such capacity as to be 
unable to maintain the initial hydrant de- 
livery after depletion of storage. All of these 
features are studied and analyzed by the 
rating organization engineer during the 
survey and before proceeding with the grad- 
ing schedule makeup.” 





IT’S SIMPLEX-IT’S ACCURATE 


The finest equipment available for measuring 


VENTURI TUBES 


Most desirable form of pri- 
mary device for use with infer- 
ential meters. Furnished for 
high or low pressures in cast- 
iron, cast steel, steel plate, 
bronze or combinations. Used 
for measurement of hot and cold 
water, gases, air, sewage, sludge 


Operates in conjunction 
with Venturi tubes, flow 
nozzles, or orifice plates on 
differential heads of 64 
inches and 114 inches of 
water. Measures over, re- 
spective ranges of 10 to 1 
and 13 to 1 within + 2%. 
Wall bracket, panel mount- 
ing or floor stand, as 
desired. For measurement 
of water, air, sewage, sludge 
and industrial liquors. 
Instrument utilizes evenly 
spaced circular charts. 


and controlling fluid flows 


TYPE MO METER 


Most accurate industrial 
inferential type instrument 
available. Measures with- 
in *2% over ranges up 
to 20 to 1, using Venturi 
tube, flow nozzle or orifice 
plate as primary device. 
Evenly spaced rectangular 
chart is easy to read. Wall 
bracket, panel mounting 
or floor stand. Designed 
for water, sewage, sludge, 
industrial liquors. 


or chemical bearing liquids. 


oF, 


“S$” PARABOLIC FLUME FILTER GAUGES FLOW CONTROLLERS 


Widely used for measuring sewage Essential for correct filter plant opera- Type “S” controllers of the Guillotine- 
and industrial wastes flowing in par- tion. These gauges are available for balanced valve design are necessary units 
tially filled pipe lines, in pipe sizes indicating and recording rate of flow for correct filter operation. Controllers 
from 3” to 36” inclusive. May be used and loss of head. Bed expansion func- maintain constant flow regardless of vari- 
alone as an indicating device or tion may be included. Gauges are ation of loss of head through filter. Sizes 
with water float operated meter for furnished for operating table or floor from 3” to 24” inclusive, they maintain 
recording and totalizing of flow. stand mounting. control within + 3% over 5 to 1 range. 


(Vacuum Breaking) VALVES PITOT EQUIPMENT 


AIR INLET 
i in 4”, 6", 8” 
Furnished in 4; 
and 10” inlet, sine ty 
ga nem hin walled 
of {oss of buoyancy, 
ra Malls admitting ®T | 


and breaking vacuum. 


AIR RELEASE VALVES 





Portable pitot rods, manometers and recorders, when used 
Type AGFD air re- together furnish an over-all picture of actual operating 
lease valves vent alr efficiency of distribution systems. By their use, leaks and 
accumulations 1” line breaks in grid systems are readily located. Light in 
pipe lines, men weight, compact in design, equipment is portable in 
reritcniee se | sre seae 


: ts 
high po Write for full intormation to the Simplex Valve & Meter Co, 6792 Upland St, Phil. 42, Pa. 


. Simpte, 


ange oe gears teed 
“ ” inlet sizes in WOTKINE 
eng? as et Special | valves available | so 
pressure ef to 800 p.s.i. 


for pressures 
VALVE AND METER COMPANY 
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R. D. COLE MANUFACTURING CO. 


Est. 1854 
Tanks, Towers, and Steel Plate Work 
NEWMAN, GA. 


5,000 TO 2,000,000-GALLON WATER TANKS 


All shapes and sizes—The R. D. COLE MANU- 
FACTURING CO. has developed a complete line of 
elevated steel tanks for water supply, both for 
domestic service and sprinkler requirements, ranging 
in capacity from 5,000 to 2,000,000 gallons. 


The designs include the standard Hemispherical 
Self-supporting Bottom, the “Cole Ovaloid,” Stand- 
pipe and many individual 
styles involving architec- 
tural treatment to satisfy 
local conditions, or to pro- 
vide special shapes for ad- 
vertising purposes. 


STORAGE TANKS 


Pressure tanks for storage 
of gas from digesters at 
sewage disposal plants so 
that excess output at peak 
loads can be used during 
off-peak periods. Chemical 
storage tanks, hot water 
storage tanks, tanks for 
bulk storage of oils and gas. 


Designs Available for Any Service 
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1,000,000-Gallon “Cole-Shallow Depth" Tank 


CONSTRUCTION FACILITIES 


Fabricated Steel Plate—The R. D. COLE MANU- 
FACTURING CO. has a fully equipped plant for the 
fabrication of riveted or welded steel plate. In ad- 
dition to the construction of its regular line of hori- 
zontal return tubular boilers, oil storage tanks, 
tubular heaters, etc., the company is prepared to 
construct special tanks and apparatus of any speci- 
fied metal plate. 


Alloys and Lining for Processing Apparatus—The 
facilities and experience of the company enable it 
to fabricate special apparatus of all kinds for the 
processing industry using alloy steel plates, stain- 
less steel, nickel-clad steel, etc., or linings such as 
lead, tin, nickel or Monel. 





STORAGE ON THE DISTRIBUTION SYSTEM" 


ig HAS been aptly said that elevated 
storage is like money in the bank. It 
represents work already accomplished and 
an asset that can be drawn upon for instant 
use when needed 

Unlike storage on any other part of the 
water works system, storage on the dis- 
tribution system is actually beneficial to 
every part of the water works, extending 
all the way back to the source of supply 
through feeder pipes, pumps, treatment 
facilities and, in many cases, the water 
development facilities. 

Like money in the bank, wherein only a 
certain amount is necessary for day to day 
commercial transactions, enough is enough 
Money invested in excessive storage would 
better be devoted to something more needed 
It is the present purpose to show how 
much storage may be warranted under 
general conditions and the available means 
for accomplishing it, bearing in mind that 


*A basic discussion of this important 
topic sroperes especially for the Reference 
and ata Number of Water & Sewage 
Works at our request —The Editors. 
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BY CHARLES B. BURDICK 


Cons. Engr., Alvord, Burdick & Howson 
Chicago, Ill. 


no two cases are exactly alike and that 
while the conditions surrounding most 
water works are similar, there wide 
variations in conditions affecting certain 
cases. Therefore each case should have 
separate study if the project is to be both 
technically and economically sound 
speaking, that water 
best that provides 


nditions of 


are 


works 
facilities 
service, 


Generally 
system is the 
adequate to meet all c 
including rare emergencies, at the least 
cost. The latter takes into consideration 
expenses of operation balanced against 
capital costs, usually represented by inter- 
est and depreciation upon the investment 

Storage upon the distribution system is 
of principal value in the form of adequacy 
reliability of service, and in its econ- 

It is justified to the extent that it 
increases more constancy of pressures and 
greater reliability and economy, bearing in 
mind that in practically all installations 
allowance must be made for the probable 
service requirements for a reasonable pe 
ried in the future. Both reliability and 
economy are promoted by the effects of stor- 


and 


omy 


om He 


YPICAL HOURLY PUMPAGE RAT. 
ON A MAXIMUM DAY 
W/TH NO STORAGE 


> ¢ 2 #8 t. av t- 2-4 


HOUR OF THE DAY 


age in securing more economical pumpage. 
and in providing an assured pressure and 
adequate volume of water for fire protec- 
tion. 


Conditions Affecting Storage 


Every water works man would have his 
problem much simplified, and the invest 
mient in water works would be much re- 
duced, if water could be served at a uni- 
form rate of delivery throughout the year. 
This is impossible, however. The consumer 
properly demands water when he needs it, 

vary widely with the seasonal 
and wide variations in demand 
ghout the hours of the day. 
is particularly beneficial in the 
afternoon or evening hours upon a few 
days in exceptionally hot and dry summers 
Such summers do not come every year, and 
excessive demand often comes 
as a surprise. An examination of many 
pumping records indicates that the de- 
mands of one summer in five or ten may 
greatly exceed the ordinary summer. There- 
fore, in providing facilities for storage it 


and needs 
extremes 


throu 


Dtorage 


therefore 


200% 


$ ¢€¢° 780 9--# 
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Fig. 1—Range of Hourly Pumpage Rates on Maximum Days—Typical of Cities Without Distribution Storage. 
(Pattern jor residential city compared with industrial city.) 
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is wise to allow a liberal percentage above TABLE 1 
average requirements in providing storage Variations in Pumpage in Five Cities 
facilities. : 3 : r = r ; 
The accompanying Table I is an analysis Resi- indus- Resi- Resi- 
of the service requirements on five water Character of City dertial trial dential dential industrial 
works systems in cities varying from 37,000 - — “ : — e 
to 320,000 population during years that are ne u — eee ae ~ ; 1.366 . 000,48 se — s 307,000 320,000 
known to represent a well defined maxi- Gale ... oe ENE: _ 96 63 
mum in each city. Max. 4 hrs. MGD Shedd 
In these statistics the hourly pumpage Gals. per capita.. seeve 126 74 124 
rates were studied and correction was made Per cent Of Ave. Eay.......-..... IB% 196% 
for a small amount of elevated storage in 7 Faas. 
several cases so that the figures would Per cent of max. 24 hrs 
represent pumpage necessary to supply de- = storage to 
mand without storage. Fig. 1 shows dia- Equalize Hour leaks 
grammatically the hourly rates of pumpage gals. per < ape 
upon a maximum day for two cities, which Rae Rect Pepeede Penk 
represent common maximum and minimum by Storage in— 
unditions as to pumpage variation. There Gals. per capita... ' in¢ 54 ‘3 140 
a tate * Per cent of max. 24 hrs . 37% 1% 55 39% 
are some very large cities where use is _ °°" oe eee ioe hak Sele . 
more uniform. For more ready compari- more or less uniform use. Upon the other trating available water pressure created by 
con, the pumpage rates have been ex- hand, residential consumers use little or no a pumping station. 
pressed in percentage of the average pump- water at night and make heavy demands The line AB illustrates the drop in pres- 
age rate (total pumpage) during the 24 at certain hours of the day, particularly sure in a case where no elevated storage 
hours of a maximum day. With informa- during the early evening hours; and to this exists, and pump pressure is so used up in 
tion similar to this for any city, it is pos- is added a very exceptional demand for deficient pipes that no pressure remains at 
sible to compute the amount of storage lawn sprinkling on hot summer days. Re- the peak hour of the heaviest pum page 
which if most effectively liberated would cently, water used in cooling systems has (demand) day at the remote end of the 
make it possible to operate the pumps ata placed an added burden on hot weather town. ; 
uniform rate throughout the 24 hours of a peak hours. In most cities the varying 
maximum day. [n other instances, notably residential demand is more or less ironed 
the small municipality, adequate storage out by commercial and industrial uses, and 
can sometimes make possible the complete the extent of commercial and _ industrial 
pumping requirement during the period of use is probably largely accountable for 
money-saving off-peak power rates differences in pumpage rates when com- 

















With an elevated tank installed the pres- 
sure conditions are changed as follows 
upon a similar heavy pumpage day. As- 
sume the storage is such that the pumps 
instead of running at a variable rate run 
: “we a constant rate day and night. During the 

Hourly variations in pumpage depend paring cutses. peak hour of use pressure will be repre- 
upon the character of the city in regard sented by the line AC representing water 
to similarity of use Perhaps the most im- Hew Storage Improves Pressure flowing from the pumps. The line DC 
portant consideration is the extent of in- Fig. 2 is a cross section showing ground represents water flowing from the tank 

Sdustrial use. This can be and usually is a occupied by a city, and certain lines illus- toward the pumping station. and line DE. 


A Fi 


en — __With Storage _ emptying oma en 
lize. ne 





1/50 








« 














g 








lei EVATED TANK 





i 
~S. 


— 


be 


TUT TT TT tse 














8 





SCALE OF WATER PRESSURE-FEET 








7 














pubs|)- 








Fig: 2.—Effects of Distribution Storage Available Pressures 
(Shown for a maximum demand day.) 
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flowing from the tank away from the 
pumping Station. The pressure losses at 
points between tank and pumping station 
are smaller than before because this dis- 
trict is being fed from two ends. This 
results in shorter travel, smaller velocities 
and greatly’ reduced friction losses. At 
points beyond the tank friction losses are 
the same as before but pressure is increased 
because the water is coming from the tank 
at a high elevation - 
The conditions n 
mately during the 
exceeds pumpage 
and pumpage exceeds 
hours, the pressure approaches the line AD 
which represents conditions just as the 
tank is filled. The lines AC, DC and DI 
will be lower as the tank is depleted; and 
when an empty tank begins to fill the line 
AD will be much steeper. 

The above illustrates the general result 
a storage is added without increasing 
the distribution feeders. Storage is an al- 
ternative to new and larger pipes and 
pumps 


‘ted prevail approxi- 
peak hours when use 
After the peak is past 
use, during night 


Location and Height 


A number of local conditions enter into 
the question of the best location for sto rage 
and the most suitable elevation. Storage is 
almost always an addition to an existing 
plant and therefore it must fit existing 
facilities as well as possible. The following 
general principles should be guides 
1—Storage should be reasonably close to 
heavy peak drafts of water and on the 
opposite side of such points from the 
pumping station. 
—Elevated storage at 
pumps but does not t add to th € capacity 
of the distribution system, which in- 
volves more than half the cost of the 
average water works 
3—Elevated storage on opposite 
of heavy draft permits water to be fed 
from both ends of the distribution sys- 
tem, thus nearly or quite doubling the 
capacity of .he feeders. 
4—The top of the stored water will neces 
Sarily be slightly below the maximum 
existing pressure plane of the pumps; 
but must not be too high to fill in the 
night hours of a peak day. The depth 
should be as shallow as reasonably 
possible; 20 to 25 feet is common 
5—The value of storage is largely lost 
when too far away. Costly pipes can 
overbalance the advantage of storage. 


the pumps helps the 


side 


the 


Amount of Storage Required 


Fig. 3 shows the amount of storage 
necessary upon a maximum day to reduce 
the pumpage to a constant rate throughout 
the 24 hours of such a day. It also shows 
the effect of various lesser amounts of 
storage in reducing the peak hour require- 
ment. The curve shown on the diagram 
is a median line between the extremes 
represented by dots upon the diagram. 
Each dot represents a computation for one 
of the five cities shown in Table I. It will 
be observed that a large benefit in pumpage 
reduction can be secured from a relatively 
small installation in storage. 

These data indicate upon the average 
that 20 per cent of the maximum day in 
elevated storage may be expected to reduce 
the maximum hourly peak about 45 per 
cent. Or, expressed in another way, in the 
five cities studied 30 gallons per capita in 
storage might be expected to reduce the 
maximum hourly pumpage peak rate 126 
gallons per capita if the storage is most 
effectively used. 


PEAK HOUR PERCENT OF MAX. 24 HRS. 


5 10 
STORAGE P 


is 20 25 
ERCENT OF MAX.24HRS 


Fig. 3.—Effects of Storage on Pumpage Peaks in Five Cities 


(Expressed in per cent of max. 24 hr. pumpag 
of different design represents one of 


In determining how much elevated stor- 
age shall be built, consideration is properly 
given to the existing installations in water 
supply facilities. The system as a whole 
must be designed for the maximum re- 
quirements for water, which must include 
the maximum requirements for fire pro- 
tection if good fire protection service is 
furnished. In each case a proper installa- 
tion is a coordination between elevated 
storage, water supply, pumps and distribu- 
tion pipe facilities, so adjusting these fa- 
cilities means that adequate service is fur- 
nished at least cost 


Fire Protection 
One of the most important benefits from 


elevated storage is the ability to respond 


instantly to the heavy draft of water re- 
quired for fire protection. In the smaller 
towns this furnishes an especially valuable 
service while pumps are being started, for 
many such systems pump intermittently. 

In Table 2, column 4, there is shown 
the rates at which water should be fur- 
nished to comply with recommendations 
of the National Board of Fire Under- 
writers for cities of various sizes. For 
comparison there is also shown the aver- 
age and maximum rates of pumpage based 
upon the average of the five cities shown 
in Table 1. 

For the smallest town the fire demand is 
nearly five times the peak hour use, a 
pumps and distribution system must be 
designed accordingly without sforage, bear- 


Ww. 


ye on maximum demand days. 
the five 


Each symbol 
cities covered in Table 1.) 


ing in mind that about 50 per cent above 
the average domestic demand plus the fire 
demand must be accommodated 

In towns over 25,000 the peak hour and 
the fire demand are about equal. In cities 
of 100,000 or more the combined domestic 
and fire demand is less than the domestic 
peak hour demand, and fire protection 
ceases to be a controlling factor so far as 
rates of pumpage are concerned. 

It should be borne in mind that adequate 
fire protection provides for very rare emer- 
gencies. Likewise, the maximum. storage 
for domestic peak hours is needed on only 
a few days in exceptional years, and usual- 
ly an installation contains a reserve for 
future growth. Therefore an installation 
proportioned for domestic service is an im- 
portant addition to the fire protection. It 
alone provides ample water for the great 
majority of fires, and the first and more 
important water in exceptional fires. Its 
great value is its readiness to serve. 


Types of Distribution Storage 


Various types of distribution storage are 
best adapted to special conditions. These 
types are summarized as follows: 
1—Most of the cities in this country are 

relatively flat and the elevated tank of 

steel is most widely used. It is now 
built in shallow depths so that all the 
water is stored at sufficient elevation to 
be useful. Sizes as large as 2 mg. are 
available. Recent designs present a very 
pleasing appearance. 

(Continued on page 46) 
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In these compact but complete tables, data are furnished on 
the various types of elevated steel tanks, and on steel 
reservoirs. For full information as to the application of these 
tanks, for designs, for specifications, or for estimates, write 








—without obligation—to our nearest office. 


Table I — Small Capacity 
Hemispherical Bottom Tanks *This column lists height of 


~ the tank cylinder up to 
the high water line. The 


TANK DIMENSIONS cylinder actually extends 
_ = ——— a j 3 inches above the high 
T water line 

| tThe bottom of this 5,000 

| gallon tank is a sector of 

; a 9 ft. radius sphere. 
| | 
| 1” 7%" 
16’ 10%" | 
| al | 


— 





Table II — Standard 
Hemispherical Bottom Tanks 





Capacity | 
in U. —————aw 
Gallons | o v ee 

—_— -¢- - + ——— 

15° 0" | 19° 1034" par | ta 

180" | 237 84" | 54" | 18 

1770" | 2e° 11%" | oer | 18 


1 | 25° 6° yo” 17" 
| 19°0" | 30° 354" ro” | 22 
| av 30” 64" yo° | 227 
| 24 30° 114" ; 22’ 
| 28° 34° 5%" ys* | 24’ 
32° 0" | 38 11'9" , 23’ 


TANK DIMENSIONS | Number 


ore £42 288 | 





PWS: 8 

* This column lists height of the tank cylinder up to the high water 

line. The cylinder actually extends 3 inches above the high water 
line. 








Table III — Railroad Type 
Hemispherical Bottom Tanks 


TANK DIMENSIONS 
Vv 


+ + 
| 


1 7%" | 
18° Bh" | 
2” 2%" | 


bd 
Ld 


27” 9%" 
19 11%" 

| 23 6h" | 
27 = 3%" 
4 5%" 
26° 11° 


eee 242 224 


B83 es ss: 
888 888 833 


| 
| 

* This column lists height of tank cylinder up to the 
The cylinder actually extends 3 inches above the 











Table VIII — Low Head Range Tanks having Shallow 


STEEL TANKS Supported or Combination Suspended and 
Supported Bottoms 


Tabl Vv (a) These tanks are available in the following types: 
oe . Toroidal Bottom Tanks with Dome Roofs. ; 
i- i i Toroidal Bottom Tanks with Ellipsoidal Roofs 
Hemi ellipsoidal Bottom Tanks Toro-segmental Bottom Tanks with Ellipsoidal Roofs. 
Obloidal Tanks. 
el : ey a . ¥ Multi-cone Bottom Tanks. 
TANK DIMENSIONS Number Lo-head Tanks. 
. f 


- 7 1 





4 oO 
ce Columns os arse meme es 
+ . —— (b) One or more of these types are available in the following sizes; 
500,000 U. S. Gallons. 
750,000 U Galions. 
1,000,000 U. S. Gallons. 
1, ,000 U Gallons. 
1, ’ Gallons. 
2. V Gallons. 
2, Y Gallons 


8” * 5%” 
11" t gle” 
» 6” ' OF 
‘10° "10%" 
“a ae x 
a 3%" 








0” hy" 
2” | 14 8” 
7” | 18’ 3° 

4 Liessitsiicianane ‘5 


ranges of 25’ 0”, 30’ 0” or 35’ 0”. 


OO +42 SH 


(c) These tanks are built in standard head 








* This column lists height of tank cylinder up to the high water line. 
The cylinder actually extends 3 inches above the high water line. 





—— > = 


Table V — Double Ellipsoidal Tanks Table IX — Supporting Towers for Elevated Tanks 


TANK DIMENSIONS Number 
by wx ‘ = o (a) Standard Heights 
1 Columns 
The height of elevated tank structures is measured from the underside of t 
— . — of the stee! columns to the lower capacity level. The following are co 
standard heights: 


8 c T 
‘10° : - | 
4" 4 8° u 
0" , , ip to 50 ft. by even 2-ft. intervals 
From 50 ft. to 100 ft. by even 5-ft. intervals. 

0” Over 100 ft. by even 10-ft. intervals. 
3" 
Pe , 

(b) Tower Types: 





B88 x88 
888 883 


“ 8’ , 

0” , 6 Structural, latticed column. 

4" , Structural, H column, 
Tubular column. 





A , , 6or8 Generally speaking, columns in the tower of an elevated tank are inclined so 

0” , 8 or 10 column spread at the base is greater than at the top. This reduces the ove 

effect of wind, which makes for economy in the tower itself and in the foun 

10 For low towers, however, where the overturning force of wind is not so gr 

8” 10 or 12 columns may be vertical; and for large capacity, large diameter tanks, parti 
3” } l10 or 12 where tubular columns are selected, the tower columns may be vertical. 


88 882 882 


150 
200 
250 
300 
400 
500, 
750 
000, 


1; 
1 





3 
8 








Table VI—Hemi-Ellipsoidal Bottom Table X — : 
Dome Roof Welded Elevated Tanks Se eT 
~ - Capacity in 
TANK DIMENSIONS us Galions iva me’ 
Gaitons ey -_ 50,000 
Rw x : ae. 60,000 
25,000 75,000 
000 100,000 


150,000 
200,000 








Capacity | 





40, 
50,000 
60,000 
75,000 
100,000 
150,000 





SRAM & 


*This column lists height of tank cylinder up to the high water 
line. The cylinder actually extends 3 inches above the high 
water line 


88 882 
88 888 


_ 





Table VII — Double Ellipsoidal 
Welded Elevated Tanks 





gs bes 8 
Be £8: & 








TANK DIMENSIONS 





" 
> | 
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TABLE 2 


Rates of Pumpage Required in Cities of Various Sizes 


bled from the mains and repump stor 
water back into the mains by remote 





3 
Probable 
Peak Hr. 
MGO. 
Population 308%, 
1,000 
2,000 
4,000 
10,000 
28.000 2.8 
60,000 6.0 
100,000 10.0 
200,000 . 20.0 


4 
Max. Rate 
for Fire 
Protection 
MGD 


10.00 
2.90 
17.20 


5 controlled or automatically controlled 
Storage electric pumps. The capitalized cost of 
tor Hourty repumping should, of course, be charged 
20% ot to the installation. In cost comparisons 
Max. Day such pumping may be less costly than 
— -- might be thought if operation is re- 
quired only a few hours per day during 
a limited portion of the year. 


033 


I 
Operation of Storage 


Money should be conserved for use. 








> 


2—There are some situations where ele- 
vated ground is available but not high 
enough for a concrete reservoir on the 
ground. In such situations circular steel 
tanks up to 40 to 60 ft. high and of 
large capacity can be built for less than 
half the cost of elevated tanks per unit 
of capacity. Such tanks can sometimes 
be scattered at more than one location is 
with beneficial results. For the higher 
of such tanks all the water may not be 
fully useful but it furnishes a cheap 
support for the more useful elevated 
water 


commodate 


tanks 


stored 
quirements. As 


cities 


3—Many cities are so fortunate as to have 


elevated ground sufficiently high to ac ground, 





elevated reservoirs. These 
cost about half as much as most elevated 
Most recent reservoirs are cov- 
ered, built of reinforced concrete buried 
in the ground, and have long life with 
small maintenance costs 
favors large capacities. 
lations the entire fire protection water 
in addition 
much as 
gallons per capita is stored in some 


4—Where elevated ground is n-t available 
it is sometimes economical to build con- 
crete reservoirs or steel tanks on the 
fill them at night with water 


Likewise water stored should be conserved 
so that it will be available when needed. 
There is little use for storage during about 
80 per cent of the normal year. With stor- 
age it becomes possible to run pumps at a 
nearly uniform rate, with attendant ad- 
vantages of economy, and on normal days 
to utilize only a few feet of the upper part 
of the storage. The storage should only 
be materially exhausted during the peak 
hours of the heavy pumpage days, and 
always refilled before morning. 


Reasonable cost 
In- some instal- 


to domestic re- 
100 to 300 


Water works men are now more firm 
than ever in the belief that storage on the 
distribution system pays its way in the 
reliability and economy of water service. 





~ FIRE HYDRANT FLOW GAGE 


A. A. HIRSCH* 


State Dept. o 


Of the several methods in vogue for hydrant flow measure- 
Ment, namely the special pitot tube-gage combination, the stream 
frajectory, the short tube with terminal orifice, and the velocity 
head reading by means of a pressure gage on a closed cap, the 
fast named is the one most generally employed by reason of its 
Simplicity in principal and equipment. 


The Procedure 


In determining flow from a fire hydrant by the pressure gage 
Method all that is needed is to connect an accurate gage to the 
@losed nozzle, and discharge the hydrant through the other 
Hozzle. The flowing nozzle may be considered as a “short-tube” 


{83 Den 3q inch 


Figure 1.—Dial of pressure gage calibrated to read directly fire 
hydrant flow from a 24-inch nozzle. 


and its flow calculated from the usual orifice formula, but usin; 
an orifice coefficient of 0.9 instead of the familiar 0.61 whi 
holds for a orifice. Thus : 
Flow (cu. ft./sec.) = C A V where C = fire hydrant orifice 
coefficient = 0.9. 
A = area of nozzle (sq. ft.) 
Diame 


OT inches? 
= 0.785 x 
1“ 


= 0.00645 Diameter*,,.... 
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Education, Baton Rouge, La. 


V = V2 & De. water 





= V2 X 32.16 X 2.31 X Pressure,,,, the 
pressure reading being taken off 
the closed nozzle 

= 12.2vPressure,,,. 


Substituting in the first equation: 
Flow (gpm.) = 7.48 X 60 X 0.9 X 0.00545 


Diameter* X 12.2VPressure,,, 


= 27 Diameter*,,. cre.) V Pressure,,;. 


This is the familiar form commonly used to calculate the dis- 
charge from a fire hydrant. 

Ordinarily the 24-inch nozzle is used, as the 4 or 43-inch 
nozzles do not conform with accuracy to a simple formula. Sub- 
stituting the value of 2% inches for the diameter in. the above 
formula there results 


Flow (gpm. through 2% in. nozzle) 
= 27 X 2.5" X vPressure,,,. 


= 168.7 vPressure,,,_ 
from which the discharge through a 24-inch hydrant nozzle may 


be conveniently calculated. 
The Self-Calculating Gage 


Inasmuch as a given velocity head on the pressure gage corre- 
sponds to a fixed discharge the e may be calibrated to read 
this flow directly and thereby obviate the need for calculation. 
A dial so calibrated is illustrated in Fig. 1. By marking off a 
dial in this manner the gage may be used in hydrant flow studies 
to facilitate discharge adjustments and to enable flow evaluation 
on the spot without calculations or conversions. Fig. 1 may also 
be used as an approximate solution to the hydrant formula for a 
2%-inch nozzle rather than perform the numerical substitutions. 

The accuracy of the pressure gage should be checked on a 
cold test apparatus, especially in the low pressure range below 
500 gpm. where slight inaccuracy causes relatively large errors 
in the indicated discharge. If the test gage is off the needle 
position may be reset, the linkage between hollow spring and 
sector adjusted as required, or a calibration curve drawn to 
show the true pressure corresponding to any gage reading. From 
Fig. 1 it will be noted that below a flow of about 250 gpm. the 
type 2 pressure gage as illustrated is inapplicable since it fails 
to deflect. 





YOUR COMMUNITY 
needs the safety 


and lasting dependability of 


GOLDEN-ANDERSON 


positive contrat VALVES 


Sensitive Golden-Anderson Altitude Control Valves 
maintain water levels within 3” to 12” variations, 
and may be arranged with special equipment to per- 
form a variety of other services. 

Inherent water cushioning prevents shock or jar 
under varying flow conditions. These Val ves are easily 
adjusted for any water level, and include an indicator 
which shows piston position at all times. Some models 
actually are two valves in one—a regular automatic 
Altitude Control Valve as well as a Reverse Flow 
Check Valve. 

Let Golden-Anderson protect life and property 
through absolute, safe control of difficult flow 


G-A Single Acting Alti- 2E conditions. 
tude Veive, Globe Pat- 


vn ae GOLDEN-ANDERSON /@A? Specialty Co. 


Keenan Building, Pittsburgh 22, Pa. 


oot 
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WALLACE & TIERNAN CO., INC. 


Manufacturers of Chlorine and Chemical Control Equipment 


Newark 1, New Jersey 


“THE ONLY SAFE WATER IS A STERILIZED WATER” 
REPRESENTED IN 


Charlotte Des Moines 
Chicago Detroit 
Cleveland Houston 
Columbus Indianapolis 
Dallas Jacksonville 
Denver 


Wallace & Tiernan Ltd., Toronto, Canads 
Wallace & Tiernan Ltd, Winnipeg, Canads 


Kansas City 
Knoxville 
Lubbock 
Minneapolis 
Monrovia, Calif. 


Oklahoma City 
Philadelphia 


Pittsburgh 

Portland, Ore. 

Roanoke Union City 

Salt Lake City Washington, D.C. 


Wallace & Tiernan Ltd., Montreal, Canada 
Wallace & Tiernan Ltd., London, England 





FREE RESIDUAL CHLORINATION 


Recent developments in water works practice show 
that bacteria practically cease to exist where Free Resi- 
dual Chlorination, as accomplished by the Break-Point 
Process, is employed. Such chlorination assures the 

uction of free available chlorine residuals which 
i a high killing potential. In many plants bacterial 
control by the Break-Point Process has been augmented 
With additional benefits such as improved coagulation, 
iMcreased color removal, elimination of algal conditions, 
reduced chemical costs and increased length of filter 
runs with a resultant saving in wash water. 


TYPE MASV 
AUTOMATIC SOLUTION FEED 
VISIBLE VACUUM CHLORINATOR 


Where unusual or extreme fluc- 
tations in water or sewage flow 
are encountered, the Type MASV 
Meets the chlorination require- 
ments. It embodies all the advan- 
tages of automatic proportioning 
of chlorine feed. and automatic 
Starting and stopping with the out- 
Standing features of the Visible 
Vacuum Control Chlorinator — 
fugged construction, simplicity of 
Gperation and low maintenance 
costs. 


Type MASY Automatic 
lelble Vecuum 


THE W&T HYPOCHLORINATOR 


Wal Aypeochiorinaior 


Chlorination of small water supplies involves prob- 
lems which the W&T Hypochlorinator is especially de- 
signed to meet. This equipment feeds either calcium or 
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sodium hypochlorite in solution form and is furnished 


in three types. 


The Electrically Operated type is particularly useful 
for small pumped water supplies. Since water pressure 
furnishes the major part of the operating power, the 
cost of electricity is but a few cents a day. Automatic 
Water Operated Hypochlorinators automatically pro- 
portion the chlorine solution to the flow of water and 
are especially adapted to small gravity water supplies 
with wide variations in flow. 


The Belt Driven unit is a sturdy, dependable unit for 
use where electric power is not available or where op- 
eration is to be synchre ized with 
pumping equipment driver. by gasoline 
engine or other similar motive power. 


TYPE MDPA 
DIRECT FEED AMMONIATOR 


A self-contained unit specially adapt- 
ed to handling ammonia gas, embody- 
ing the same sound principles of design 
and construction exemplified in W&T 
Chlorinators. Rugged, accurate and 


dependable. y ne an 


DRY CHEMICAL FEEDERS 


For the application of dry chemicals, Wallace & Tier- 
nan offers a complete line of feeding equipment. The 
Types MO, MOF and MOT Dry Feeders include such 
advantages as positive agitation, easy calibration and 
accurate feed over ranges of from 0.5 to 200 pounds 
per hour, depending upon the chemical used. 


CONVENIENCE 
W&T is represented in each of the 35 cities listed 
above by chlorination specialists to assist in selecting 
proper equipment for any chlorination problem. Their 
recommendations involve no obligation. 


Current literature on the many phases of chlorination, 
ammoniation and dry chemical feeding is available on 
request. 





MAINTAINING TRANSMISSION LINE CAPACITY WITH 
CHLORINE-AMMONIA 


Years Use Proves Value In Maintaining High Flow Rates at Moderate Cost 


15 


N December, 1933, chlorine-ammonia 
J equipment was installed at the reservoir 
end of a 24-inch cast iron transmission 
furnishing the City of Utica with its 
urce of water supply 
purpose of this installation 
retard, if possible, the 
which occurred in 


malt 
principal s 
The primary 
was to prevent or 
of carrying capacity, 
a comparatively short time, after each me- 
chanical cleaning of the twelve-mile line 
The first report on what was then 
sidered a worthwhile experiment was given 
before the American Water Works Asso- 
citation in 1934 by Hodges and Ackerman” 
after about nine months of use and observa- 
tion. In April, 1936, and again in 1937 the 
original data, brought up to date, was re 
ported in Water Works and Sewerage (now 
Water & Sewage Works), in each case with 
continued encouraging results, but still after 
too short a period for any final conclusions 


con 


Use Proves Value 


Now after fifteen years of continuous use 
of chloramines on this pipe line, with fre- 
quent checks as to pipe line condition, some 
definite conclusions can be drawn. (a) This 
treatment process does maintain carrying 
capacity with but slight over long 
periods of time when used on waters of a 
certain type”. (b) While the: original re- 
ports on the use of chloramines at Utica 
stressed the prevention of tuberculation, it 
now appears from a study of all of the 
Utica data and the reports of others‘ 
that the elimination of bacterial slime 
growth on the interior of the pipe is prob- 
ably of equal importance with the preven- 
tion of tuberculation in maintaining high 
pipe line carrying capacity. (c) An appli 
cation ratio of ammonia to chlorine of 1 :5-6 
with a residual of 1 to 1.5 ppm. at the end 
of the twelve-mile 24-inch unlined cast iron 
pipe line, has been effective in maintaining 
the carrying capacity of the line with an 
average loss in the Hazen-Williams “C” 
value of only ten points in seven years 

The bacterial aspects of the formation 
of tubercles and slime in water mains have 
been reported in the technical press and 
journals. Excellent papers by Reddick and 
Linderman“, Committee Report™, Wil- 
son™, and Storkey™’, quite adequately 
cover this phase of the subject 

The writer believes that the economics of 
the application of the chlorine-ammonia or 
the superchlorination treatment in its rela 
tion to increased water supply is of sufficient 
general interest and importance to merit a 
somewhat detailed study and report on the 
results achieved at Utica 


loss 


Data on Operation 


The statistical and chronological data 
covering the transmission line are shown in 
Table A for ready comparison and refer- 
ence. A paper, presented before the New 
England Water Works Association in 
1924’ by Frederic E. Beck, (then Chief 
Engineer ‘of the Utica Water System) on 
the “Increase of Available Water Supply 
with No Capital Investment” reported the 
success of a waste water survey and the 
first mechanical cleaning of the 24-inch line 
(Table A. line 2.) These operations were 
well worth reporting, since the increased 


LAURENCE J. GRISWOLD 
Engineer 
Water Supply Board, Utica, N.¥ 


supply made available thereby, had at least 
for the time being postponed an estimated 
$713,000 pipe line construction program, 
which then considered necessary to 
keep supply ahead of demand 

To maintain a “C” value of not less than 
100 after the first cleaning of the line in 
1922, without the use of the chlorine-am 
monia treatment, the line was cleaned on 
the average every 19.7 months. This fre- 
quent cleaning maintained an average daily 
flow for the period from October, 1922, to 
March, 1934, inclusive, of 11.3 mgd. or 2.5 
mgd. more than the line was carrying ir 
1922 when it was first cleaned. It is to be 
noted here that the loss in carrying capacity 
during this period, when only cleaning was 
used to maintain high flow, did not take 
place at a uniform rate 

By plotting the Hazen-Williams “C” 
values obtained by pipe line measurements 
taken over a period of seven cleanings, it 
was possible to obtain an average curve 
showing the rate of loss of carrying capa 
city. From this curve could be computed 
the average flow for any period between 
cleanings, and the data so computed is the 
basis for Curve I, showing the average 
increase in water produced, plotted against 
frequency of cleaning. (See accompanying 
graph.) 

The sharp loss in carrying capacity which 
takes place in the first few months after 
cleaning without the chloramine treatment 
can be accounted for only by the immediate 
and comparatively rapid regrowth of slime 
on the pipe interior, with the formation of 
tubercles the factor causing the slower loss 
of capacity over a longer period of time 

In the graph, data are plotted for the 
increased water produced and cost per mil- 
lion gallons of this water against frequency 
of cleaning 


was 


Curves I and III are the quantity and 
cost curves respectively for the 24-inch line 
without the use of the chlorine-ammonia 
treatment. Curves II and IV are the quan- 
tity and cost curves respectively for the line 
with the chlorine-ammonia treatment. In 
the case of each pair of curves the data has 
been extended somewhat beyond the limit of 
actual experience by a reasonable extension 
of the plotted curves based on loss of “C” 
value 

With the two sets of curves plotted as 
shown, some interesting comparisons may 
be made as to costs and water produced. 
Unfortunately, data are not available for the 
same total periods of time for both sets of 
curves 


Cost Data 


On Curve IV showing the cost per million 
gallons when using chloramines and clean- 
ing, it will be noted that a minimum cost 
per mil. gal. of water produced is reached 
with a frequency of cleaning of every 5% 
years. At that frequency of cleaning of the 
line, the average increased the flow was 
slightly over 5.1 mgd. (Curve II) at a cost 
ot $2.40 per mil. gal. (Curve IV). At the 
same cost per mil. gal. without the use of 
chloramines (Curve III) it would have been 
necessary to clean the line about every seven 
months and the average increased flow 
would have been about 3.65 mgd. (Curve I). 

4 comparison of Curves I and II in- 
dicates a slightly greater effectiveness of 
cleaning when using chloramines. At the 
zero line it will be noted that the increased 
flow after cleaning was 5.5 mgd. when using 
chloramine, but only 5.3 mgd. without water 
treatment 

Since the loss in carrying capacity, when 
using chloramines as reflected in Curve II 
is very gradual, no very useful or extended 


TABLE A 


Statistical Data for Twelve Miles of 24-Inch Unlined Cast Iron Pipe at Utica, New York— 
1906-1948 


Months 
Since Last 
Remarks Cleaning 
Line new 0 
Cleaned 


Date 
I ine 1906 
Oct. 5S, 1922 
1, 1924 


Apr Cleaned 


Aug Cleaned 


May Cleaned 


Aug. 6, 1929 Cleaned 


Dec. 23, 1930 Booster pump 
installed 
Tan 3, 1931 Cleaned 


16, 1933 Cleaned 
Chlorine- 
Ammonia treatment 

start 
Cleaned 


June 


Dec. 
Apr 


13, 1933 
8, 1934 


June 21, 1941 Cleaned 


May 25, 1948 Cleaned 


Computed ; 
diameter of 24.2 inches 


» Conservative estimate for new coated C.I. pipe 


~—S Delivery mgd. 4.) 
Before _Bet ore Aft 


13.6 
12.8 
13.3 
13.9 
14.1 
13.9 


130 


136 


Hazen-Williams formula for constant reservoir level or pumping head and ‘actual pipe 


(No measurement taken.) 


® Shows effect of booster pump for increasing supply 
“ Upper figures from Ttem & through 13 show delivery with booster pump; lower figures are for gravity 


flow 
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comparisons may be made with Curve I 
showing the same data without chlora- 
mines. It is interesting to note, however, 
that with a frequency of cleaning of every 
nine years (Curve Il), when using chlora- 
mine, the average increased flow over the 
period was about 4.8 mgd. at a cost of 
$2.45 per mil. gal. 

For the same 48 mil. gal. average in- 
crease without chloramine it would have 
been necessary to clean the line about every 
one and one third months (obviously an im- 
practical procedure) at a cost of about 
$9.80 per mil. gal. of increased supply. 

Since the minimum rate for water in the 
Utica schedule is $68.19 per mil. gal., it 
would be profitable from an economic 
standpoint to clean the line monthly either 
with or without the use of chloramines, 
since the cost per mil. gal. to produce at this 
frequency of cleaning would be respectively 
$12.80 and $11.90. 


Practical Considerations 

From an operating standpoint it would 
not be practical to clean the line much 
more frequently than once each year. This 





43.00 





12.00 
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/0.00 
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86.00 





7.00 





6.00 











practical consideration fortunately coincides 
with points on Cost Curves III and IV, 
where the curves have begun to flatten out. 

Another practical consideration affecting 
the frequency of cleaning, and not taken into 
account in any of the curves, is the fact 
that no water is produced during the period 
covered by the cleaning operation. 

If we assume that line cleaning or the 
combination of line cleaning and the use 
of chloramines would only be used to pro- 
duce additional water needed for sale (a 
reasonable assumption) and compare the 
net profits from the sale of water produced 
by both methods we find that at a frequency 
of cleaning of one year the net profit per 
day using chloramines would be $351.64 as 
against $158.48 without the use of chlora- 
mines. 


At a cleaning frequency of three years 
and five months (the last point on Curves 
I and III) the daily net profit with the use 
of chloramines would be $345.50 as against 
$130.17 without the use of chloramines. 

The above comparisons quite effectively 
show the economic soundness of the use 
of the chlorine-ammonia treatment for in- 
creasing available water supply, in spite of 
the fact that the cost per mil. gal. produced 
will be greater than would be the case if 
cleaning alone were used. 


All of the foregoing study has been based 
on the cost of cleaning and labor, materials, 
maintenance, and operation of the chlorine 
plant but not including any interest on the 
investment in the chlorine-ammonia plant 
and equipment. 

Quite properly, a considerable part of the 
cost of treatment for maintaining carrying 
capacity could be charged to purification. 
Numerous customers along the supply 
would have made it desirable, if not abso- 
lutely necessary, to treat the supply for 
sanitary reasons. 

It should be emphasized that the cost 
data as set forth in this study applies spe- 
cifically to the 24-inch line at Utica, and 
that variation in cost of material, labor, 
water produced and selling price of water 
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for any other line will give a different set 
of curves, although probably of the same 
general form. From the data presented, 
however, it is evident that the cost of using 
the chlorine-ammonia treatment could be 
much higher, the amount of water produced 
less, and the selling price of water lower 
within a considerable range and the treat- 
ment would still be economically sound as 
a means of producing additional water. 

It will be noted that Item 7 in Table 
records the installation of a booster pump 
at the head end of the 24-inch gravity line. 
By the use of this pump at the highest safe 
head possible, the line delivery was in- 
creased by one mil. gal., with the line in a 
partially dirty condition. The importance 
of clean pipe lines particularly at higher 
heads and velocities is indicated by Item 11, 
Table A, which shows that under gravity 
and pumping heads the line produced re- 
spectively 10.9 and 11.9 mgd. or a differ- 
ence of 1 mgd. before cleaning. After clean- 
ing, the line produced under gravity and 
pumping heads, respectively, 14.1 and 15.4 
mgd. ‘or a difference of 1.3 med. 

How effectively the means set forth in 
this study, especially the chloramine treat- 
ment, have been in deferring the $713,- 
000.00 construction program planned in 1924 
may be judged by the fact that not until 
1945-46, due to the war use, was it neces- 
sary to build any additional transmission 
line. At the present time an additional sec- 
tion of line is being built. 

The expenditures on the 1945-46 and 
1949 construction will total about $325,- 
000.00, which is still less than half of that 
which it was estimated in 1924 would be 
necessary to expend to maintain supply. It 
is obvious, of course, that the direct com- 
parison of current expenditures with 1924 
estimates is a somewhat questionable pro- 
cedure, but the comparison made in this 
way is still the more striking. 

All of the recently laid transmission 
mains have been cement-lined pipe which 
will eliminate the possibility of tubercula- 
tion. However, since recent experiences 
with cement-lined pipe have demonstrated 
that cement lining does not necessarily pre- 
vent the formation of flow retarding slimes, 
it is planned to continue the chloramine 
treatment of the new lines. 
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The Chemicals you Need... Quality You can 
depend on... from Hooker 





Hooker Liquid Chlorine yx 00er 


has been providing high quality, high 
purity liquid chlorine to water works, fil- 
tration plants and sewage systems for 
years. The vigilance of water works offi- 
cials plus the uniformly dependable sup- 
plies of Liquid Chlorine have helped to 
maintain the high sanitation standards 
of the United States. Hooker Liquid 
Chlorine, of consistently high purity, is 
available in tank cars containing 16 and 
30 tons, multi-unit cars containing 15 
one-ton containers and in cylinders con- 
taining 100 and 150 lbs. 


Hooker’s Technical Staff 
Along with Hooker’s pro- 
duction of Chlorine, Caustic 
Soda and other chemicals 
goes the offer of help on any 
of your problems involving 
the handling and use of 
these chemicals. Hooker’s 
Technical staff is continu- 
ously working with these 
chemicals and their special- 
ized knowledge is available 
to help you overcome your 
difficulties. 


HOOKER 
ELECTROCHEMICAL 
COMPANY 


9 UNION ST. NIAGARA FALLS, N. Y. 


New York, N. Y. Tecoma, Wash. 
Wilmington, Callf. 





Hooker Caustic Soda Yooker Caus- 
tic Soda is produced in our well-known 
and now nationally used Hooker type 
“S” electrolytic cells. It is of the same 
high purity and uniformity as other 
Hooker Chemicals. The flake form is 
shipped in drums of 100 or 400 lbs., the 
solid forms in drums of 220 or 700 Ibs., 
and the liquid 50 and 70% solutions are 
shipped in drums of 700 Ibs. or tank cars. 


Send for These Booklets on 


Chlorine and Caustic Soda Booklets con- 
tain helpful information on these two 
chemicals. Physical and chemical speci- 
fications, precautions in handling equip- 
ment for storing and shipping, uses and 
tests are included. Copies sent free of 
charge when requested on your letter- 
head. 

Also available is the Hooker Wall Chart 
on Safety in the Use and Handling of 
Chlorine. Printed in large readable type 
on linen backed paper, it is ideal for 
mounting wherever you use or store 
chlorine. 


HOOKER 
CHEMICALS 
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CHART OF LOSS OF HEAD IN FEET PER 1000 FT. OF PIPE 
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FRICTION OF WATER PIPES 


The pipe frictions shown in the following tables are taken by permission from the more complete copyright tables by Williams 
and Hazen, published by John Wiley & Sons, and these values are recommended for use in figuring pipe frictions 


Lets of Head in Feet Due to Friction, per 100 feet of 15 year old Ordinary Iron Pipe 
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F you are faced with some—or all 

—of these 7 common water-line 
problems, here is information about 
Johns-Manville Transite* Pressure 


Here’s how 
TRANSITE PRESSURE PIPE 
meets these 7 basic 


1, Handling costs: 


Because it is light in weight and easy 
to handle, Transite Pressure Pipe 
keeps handling costs down. Loading, 
unloading, and all other subsequent 
handling operations are simplified. 
More footage can be hauled per truck- 
load—reducing trucking costs—and 


2. installation costs: 


Transite Pressure Pipe offers impor- 
tant economies that help combat 
increasing costs of water-line installa- 
tion. It is quickly and easily assembled 
in the trench. A coupling puller is the 
only tool necessary. Often, the pipe 
can be assembled so rapidly that the 
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water-line problems... 


Pipe that may beofhelpto you...facts 
that tell how this modern asbestos- 
cement pipe is helping to solve these 
problems in many communities. 


distribution along the trench is easier 
and more quickly accomplished. More- 
over, mechanical handling equipment 
is not necessary except where larger 
sizes are being used; the pipe sections 
are easily lowered into the trench with 





same foreman supervises both exca- 
vation and installation. The speed 
with which Transite is assembled 
means that the job is completed with 
a minimum of time and labor, thereby 
contributing important reductions in 
the overall cost of the system. 


*Transite is a Johns- Manville registeres trade mark 








3. Soil corrosion: 


Two factors give Transite Pressure 
Pipe exceptional resistance to corro- 
sion: (1) the corrosion-resistant mate- 
rials of which it is made; (2) the 
especially developed Johns-Manville 
process of manufacture which imparts 
a high degree of chemical stability to 


the finished pipe. This high resistance 
to corrosion has been substantiated 
by numerous installations. Many of 
these are serving as replacements in 
soils so destructive that the useful life 
of the pipe materials previously used 
had been seriously curtailed. 


4. internal corrosion: 


Transite Pipe, because of its asbestos- 
cement composition, is not affected by 
tuberculation. Therefore, it is not nec- 
essary to resort to pipe of larger di- 
ameter to offset the internal effects of 
this costly form of pipe corrosion. And 
because progressive reduction of de- 


5. Joint leakage: 


Transite’s Simplex Coupling was de- 
signed to minimize underground leak- 
age ... and to provide maximum pro- 
tection against failures resulting from 
trouble at joints. It consists of only 
three parts: a Transite sleeve, ma- 


livery due to tuberculation capacity 
is never a problem in a Transite pipe 
line, pressures and flows remain high— 
pumps operate at higher efficiencies. 
These factors are often reflected in 
better service and lo ver water rates in 
communities serve by Transite line 


two rubber rings which, when assem- 
bled, are tightly compressed between 
pipe and sleeve. The joint thus formed 
is tight and flexible. It remains tight 
in service. Furthermore, each joint 
may be checked for proper assembly 


chined to fit over the pipe ends, and immediately upon completion. 


6. Vibration and stresses: 


Transite’s flexible joints effectively line has a flexibility not ordinarily 
absorb the vibration of heavy traffic— found in other types of waterline con- 
an especially important factor where struction. This helps compensate for 
pipe is laid under busy highways, or soil movements and other stresses 
near railroad and street car tracks. to which the pipe may be subjected 
Because each joint is capable of de- .. . provides an effective safeguard 
flection up to five degrees, the entire against costly pipe failures. 


7. Maintenance: 


In thousands of communities, Transite lines do not have to be cleaned, lined, 
Pipe—with its advantages of joints or replaced because tuberculation has 
that remain tight and flexible, its cor- reduced their original capacity. Re- 
rosion resistance, and immunity to ports from communities all over the 
tuberculation—provides low-cost country prove that Transite’s asbes- 
water transportation that requires tos-cement structure provides econo- 
little, if any, maintenance. Transite mies that continue through the years, 


Transite Pressure Pipe is furnished in sizes from 4” to 36” inclusive, in three pres- ‘ 
sure classes. These classes are designated as 100, 150 and 200 which indicates 
maximum recommended working pressures of 100, 150 and 200 psi, respectively. 

For further information, write to Johns-Manville, Box 290, New York 16, N. Y. 

Ask for Brochure TR-11A. 


Johns-Manville Transite Pressure Pipe 
ee 
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@ EXCERPTS FROM THE R-S BOOK OF EXPERIENCE © 


Ne. 727 


36 inch x 8 inch 
heavy duty dual 
valve with 125- 
pound Am. Std. 
flanges controls 
maximum flow with 


inch valve. By clos- 
ing large vaive, 
small inner 8-inch 
valve controls small 
flow with high pres- 


of R-S VALVES 


] Economy in first cost. Minimum number of 
“working parts. 


? Body assemblies correctly engiosanes mechan- 
“ically and metallurgically. _ or exceed 
A.S.A. standards in every detail. 


3, Only a few handwheel turns required for open- 
* ing or closing. 


4 Less inherent pressure loss reduces pumping 
* costs. 


5, More control rangeability. Readily adapted to 
* automatic operation. 


Self-cleaning—no pockets to capture sediment 
6. —no eblectionable turbulence or wife drawing. 


Rotary motion of shaft reduces stuffing box 
* problems. 


R-S PRODUCTS CORPORATION 
Wayne Junction - Philadelphia 44, Pa. 
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Ne. 680—Stenderd heavy duty 
valve with handwheel contro! — 
self-locking worm end geer. 
Avtematic control and rubber 
seat available with 125-pound 
flanges. Rubber seated valves 
are drip tight with water at 100 
psig and air bubble tight at 80 
psig under temperatures up te 
plus 275° F. and as low as minus 
40° F. 














CAUSES AND PREVENTION OF WATER LOSSES" 


HOMER E. BECKWITH 
District Manager 
The Pitometer Co., Pittsburgh, Pa. 


N the water industry the term “waste” 

covers a multitude of sins and it might 
be well to pause a while to examine the 
nature of some of these detours from recti 
tude. No plant, of course, sells 100 per cent 
of the water it produces. There are un 
avoidable sources of waste, which produce 
in every plant a certain irreducible 

Water losses may be 
of a number of causes Ho waste” is 
a commonly encountered problem. Althoug! 
the losses from individual leaks in this cate 
gory may be slight, the total amount of 
water involved can be very great, because 
of the large number of such leaks 
resulting from underground leakag« 
from very small quantities to several hun- 
dred thousand gallons a day—even exceed 
ing 1 mgd. on rare occasions—for a single 
leak. The “slow” meter is another source 
of water loss, which may range from a few 
gallons day on a defective house meter 
to several hundred thousand on a large in- 
dustrial meter. A fourth cause of water 
loss is the unauthorized connection, and 
again the total may vary widely. This prob- 
lem is not met with very frequently, but, 
when it does exist, the are often 
staggering. Defective master meters, un- 
derread industrial meters and readings 
spaced so far apart that the meters have 
turned over between checks are also respon 
sible for registration losses 


loss 
due t me of more 


USE 


Losses 


vary 


losses 


Need for Meter Inspection 


All accounted-for figures depend upon 
the accuracy of the master meter. This in 
strument is usually of the Venturi or orifice 
type and is kept in an excellent state of re- 
pair, registering accurately year after year 
But occasionally something happens. It 
may be the recording apparatus, which can 
be easily checked and adjusted, but some- 
times foreign matter gets into the throat of 
the Venturi tube or something else happens 
to disturb the ratio of the areas at the points 
where pressures are taken. In the older 
Venturi type, it was usually not easy to 
inspect this part of the meter, and without 
inspection no apparatus can be expected to 
continue to function properly year after 
year. Pitometer checks had shown a cer- 
tain meter to be working perfectly as much 
as thirty years after installation. That is 
good service. Shortly thereafter further 
tests indicated that the meter had begun to 
overregister, a condition which gradually 
grew worse over the next few years, finally 
reaching 30 per cent. An inspection re- 
vealed that a large stone had worked its way 
into the tube and upset the pressure ratios, 
thereby causing the meter to overregister. 
In a very small number of meters, the pres- 
sure ratios have been affected by tubercula- 
tion and false registration has resulted, 
which is hardly surprising after thirty or 
forty years of faithful service. 

Any piece of scientific equipment is en- 
titled to a reasonable amount of care. Mod- 
ern Venturi tubes are equipped with hand- 
holes to make inspection of the internal con- 
dition of the tube easy. Experience has 
shown that all types of master meters— 
Venturi, orifice plate, pilot tube or current 
wheel—perform excellently when properly 
chosen and properly maintained. But oc- 
casional independent accuracy checks by 

“Reprinted from JAWWA, Vol. 41, 
permission. 


p. 222, by 


means of some™instrument such as the pi- 
tometer are of great value in insuring that 
the figures being used for total water pro 
duction are accurate 


Domestic Waste 


Once 
ire correct, it 
wow much of the 


assured that the production figures 
should next be determined 
water delivered to custom 
rs is being profitably used or paid tor 
Originally all water was sold to domestic 
ustomers on a “flat-rate” basis. Some ef 
fort was occasionally made to control the 
amount of water used per service by limit 
ing the diameter of the service pipe, some 
times to % in. or even less. These attempts 
proved ineffectual, however, except in hold 
ing down the peak demand rate, since they 
did little to eliminate the small but per 
sistent leaks which continued throughout 
the day but which were not of sufficient size 
seriously to affect the pressures or the sup- 
ply of water for normal use. 

There are two methods in general use for 
controlling domestic water waste. One is 
the examination of house fixtures by quali- 
fied inspectors, either on an overall or a 
selective basis, with penalties invoked for 
failure to keep plumbing in a good state of 
repair. The other method is the installa- 
tion of meters on domestic services, again 
either completely or selectively. Which 
means should be chosen is a matter of eco- 
nomics, depending on the amount of the 
existing waste and its cost. Some small 
cities, where there are no sewer systems 
and where persistent fixture waste will 
quickly cause cesspools or septic tanks to 
overflow, may have a per capita consump 
tion of as low as 40 gpd. Unless this wa- 
ter has a high production cost, it may be 
uneconomical to spend much money to re- 
duce the loss. In other cities, where facili- 
ties exist for draining off the waste with- 
out inconvenience to the wasteful consumer, 
the per capita use and waste of water may 
reach 300 or even 400 gpd. Even with low- 
cost water, some effort to control wastage 
is clearly indicated when consumption is 
anywhere near this high. Inspection and 
forced repair of defective plumbing fixtures 
may serve the purpose, but more and more 
cities are resorting to the metering of do- 
mestic services. In order for this method 
to be effective, the meters must be kept in 
repair and read at proper intervals. 


Registration Losses 


The author has always felt that sensi- 
tivity is a trait more to be desired in a do- 
mestic meter than extreme accuracy. The 
meter is a mechanical device and it takes 
energy to move it. The energy necessary 
for sufficient water to slip around the work- 
ing parts of the meter and cause a small but 
steady drip is so little that few if any of 
the meters in current use will register it. 
How large an amount can slide through 
without causing the meter to turn depends 
on its sensitivity—its inertia or resistance 
to movement. And the sensitivity of the 
meter determines the size a fixture leak 
must attain before it begins to cost the 
customer money. It must not be forgotten 
that small drips will usually not register on 
even the newest and best of the meters in 
popular use. Such leaks therefore become 
one of the items in the total of unaccount- 
ed-for water. Furthermore, a little refiec- 
tion will show that the amount lost depends 


upon the number of meters and not upon 
how much water flows through the meters. 
As the average use through each meter in- 
creases, the percentage of loss from drip de- 
creases. Meters which may be 100 per cent 
accurate at a relatively high rate of flow 
but which do not start to register until an 
appreciable flow occurs are a fertile source 
On the other hand, a meter which 
auses an increase in the water bill when 
ever a relatively small fixture leak is per 
mitted to persist makes the customer “waste 
minded” cuts down the amount of wast 
ed water 


vf loss 


and 


Loss in registration can also result from 
too infrequent reading of the meters. The 
author recalls one city where the careful 
investigation of a night flow rate of ap- 
proximately 30,000 gpd. in a single block 
failed to disclose any indications of under- 
ground leakage. Inspection revealed that 
several meters were turning at a constant 
rate of %4 cfm. or more—over 360 cu.ft. a 
day or 130,000 cu.ft. a year. As the meters 
were only read once a year, and as the 
capacity of the reading dial was only 100,- 
000 cu.ft., the meters turned completely over 
between readings and the customers were 
billed for only part of the water actually 
used. There were indications that some of 
the meters had turned over at least twice 
between readings. The remedy here mani- 
festly is more frequent readings or an in- 
crease in the capacity of the reading dial 
Some smaller industrial meters turn over 
between readings which are six months 
apart 

Several years ago a survey in a cer- 
tain small city brought to light the fact that 
the high loss was almost entirely the result 
of underreading the large industrial meters. 
The smallest reading unit on the large me- 
ters was ten times the size of the smallest 
unit on the domestic meters and was so 
marked. The meter reader, however, paid 
no attention to the markings and year after 
year read the meters at 10 per cent of the 
actual consumption. 


In passing, it might be mentioned that 
cubic-foot meters occasionally get mixed 
into a system where all the rest are gallon 
meters, or vice versa, and incorrect readings 
result. 


Another source of lost water, or at least 
lost registration, is the industrial meter 
which does not accurately record the flow 
through it, because the meter is worn out 
or otherwise defective, or because it is im- 
properly set or unwisely selected. Manufac- 
turers make several types of meters, each 
of which is especially designed to do a cer- 
tain kind of work. Some perform best un- 
der high continuous flows, some under rela- 
tively low flows and some under a com- 
bination of both. Moreover, the manufac- 
turer’s instructions about setting the meter 
must be followed or incorrect registration 
may result. Satisfactory service can be as- 
sured only if meters are correctly chosen 
as to type and size and are properly set. 


Meters are mechanical instruments and 
even the best machines eventually wear out. 
Although registration may continue, worn 
gears and other frailties of old age gradu- 
ally decrease meter accuracy. eters are 
the cash registers of the water works sys- 
tem and justify every bit of attention and 
care required to keep them in proper work- 
ing condition. 
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it would be found that in- 


Occasionally 
water through 


dustrial customers are taking 
unauthorized connections or unmetered fire 
lines—often in spectacular amounts. The 
author knows of one plant which took near 
ly 2 mgd. and had apparently been doing 
so for 25 years. It is remarkable, however, 
that in most such instances the top manage- 
ment of the offending company has no 
knowledge of what is taking place. Some 
minor official is usually just trying to make 
a showing. Most people are honest. 


Underground Leakage 

The source of greatest losses is the hid- 
den, underground leak, which may vary in 
size from a few gallons a day to over a 
million. Underground leaks occurring on 
mains are usually due to blown joints, brok- 
en or split mains, holes, rotted wooden 
plugs and the like. Those on services are 
due principally to broken corporation cocks, 
defective wiped joints, blown gaskets, split 
pipe, or pipe disintegrated by corrosion or 
electrolysis. The escaping water gets into 
sewers, gravel beds, culverts, streams, lime- 
stone caves and so forth. Even after more 
than 25 years’ experience in detecting and 
locating leaks, the author is frequently sur- 
prised by some new combination of circum- 
stances which will permit water to escape 
from such a leak without any surface indi- 
Ieation of its existence. The increase in 
the amount of paved streets has been a fac- 
Mor in keeping many leaks hidden. 
) As previously ey some leaks are too 
‘small to be detected by any presently known 
imethod, and, even if they were definitely 
Hocated, the cost of repairs would be exces- 
sive. These small leaks are an important 
factor in irreducible losses. Here again, 
the amount of loss depends on the size and 
number of the mains and not on the quan- 
tity of water they carry. If the water use 
)from a particular pipe were doubled, the 
increase would not cause a single gallon 
more to be lost from that pipe. In other 
words, the percentage ratio of the seepage 
to the use would be cut in half. 

Other factors, such as leakage and evap- 
oration from reservoirs, also contribute to 
Hthe irreducible loss. 


Water Waste Surveys 

The three principal causes of irreducible 
Mosses are fixture drips too small to register 
Son meters, small seeps from mains, and 


Safe Water 
delivered night and day 
Costs Less 
than anything else you buy 


but 
Don’t Ignore 
Leaks! 


ul 
Satisfied customers are worth ¥ ° 


more to us than revenue 


from water uselessly 


Pesmng 


INDIANAPOLIS WATER Co. 


evaporation and other reservoir losses. None 
of these three bears any direct relation to 
the amount of water put into the system. 
For this reason, it is impossible to give any 
overall figure for reasonable losses. Some 
plants should, and do, account for approxi- 
mately 90 per cent of the water produced. 
Others, with a very low per capita use or 
an excessive main mileage im relation to the 
amount of consumption, can under the best of 
conditions account for only a much smaller 
percentage. It requires a water waste sur- 
vey, planned in such a way that it will de- 
tect and locate all of the preventable sources 
of waste, to determine what the unavoid- 
able loss is on any particular system. 

The pitometer water waste survey is in- 
tended to be that type of survey. It is 
based upon a series of direct and indirect 
measurements with the pitometer which de- 
termine the amount of water entering the 
system and its distribution throughout the 
system. A properly designed pitometer sur- 
7 has several functions: 

. It checks the master meters for ac- 
fv. by independent comparative flow 
measurement. 

2. It divides the distribution system into 
districts cqntaining a few miles of main each 
and obtains a 24-hour measurement of the 
total flow into each district, together with 
the variation in that flow. 

3. It tests large industrial meters for ac- 
curacy by independent comparative flow 
measurement. 

4. It checks large industrial plants for 
unauthorized connections, again by flow 
measurement. 

5. It determines the distribution of the 
night rate of flow almost block by block, 
so that the location, as well as the amount 
of the waste, can be determined. Through 
further investigations conducted by suitable 
methods wherever these measurements show 
abnormal flows, all leaks are definitely lo- 
cated for repair and all other sources of 
waste are disclosed. 

That is to say, the survey tells where 
the water goes and why it goes there. It 
eliminates guesswork and clearly shows the 
exact nature of the waste, so that remedial 
steps may be taken. Underground leaks 
are located and can be dug up and repaired. 
If residential waste is involved, the responsi- 
ble areas, or even individual properties, are 
discovered, making possible the elimination 





of the waste by inspection and repairs or by 
metering. Defective industrial meters or 
unauthorized industrial use is detected, and 
the meters can be repaired or replaced. Ii 
it is found that meters are not being read 
often enough, the period between readings 
can be shortened. Once the disease has 
been correctly diagnosed, the remedy is 
clearly indicated. 

When such a survey has been made and 
all the waste stopped, then and only then 
can the percentage of “unavoidable” waste 
for a particular plant be determined 

A question frequently asked is what size 
of community can profitably make a water 
waste survey. The answer is that there 
seems to be no maximum or minimum limit 
Some of the most outstandingly successful 
surveys have been made in communities of 
more than a million population, while others 
have been equally successful in communi- 
ties of less than a thousand population. A 
single leak wasting 50,000 gpd. would be a 
very small item in a system using 100 mgd., 
but in a small community with a total daily 
consumption of 100,000 gal. it would amount 
to half of the output. Although most of the 
really large individual leaks have been found 
on the larger systems, the surveys which 
have resulted in the highest percentage of 
water loss reduction have usually been made 
on smaller plants. The operation of the sur- 
vey is flexible, and methods are readily 
adaptable to the various field conditions en- 
countered—including the size of the com- 
munity. 

The amount of “preventable” waste which 
should be permitted to exist before a deter- 
mined effort is made to locate and eliminate 
it depends on the value of the water—its 
cost of production, the quantity available 
and other widely varying factors. The least 
valuable water is probably that taken from 
a gravity supply having surplus storage and 
transmission capacity, although as the de- 
mand approaches the capacity of the plant 
this water can become extremely precious. 
Most expensive is the water obtained from 
limited supplies with high purification and 
softening costs. Each system has to be 
studied upon the basis of local conditions, 
but there will always be a point at which 
waste becomes too costly to be tolerated. 
When that point has been reached or passed, 
a careful, scientifically planned survey such 
as the one previously outlined will best serve 
to bring the losses down to a minimum. 
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VALVE AND PRIMER CORPORATION 


30 WEST WASHINGTON ST., CHICAGO 2, ILL. 


Apco Automatic Pump Primers 


V-APCO Automatic Vacuum 
Primers and APCO Automatic 
Pump Primers 


Advantages 


V-APCO Automatic Vacuum Primers for 
centrifugal pumps offer these advantages: 
1) Keep pumps always primed. 2) End 
loss of time due to lack of prime. 3) Op- 
erate at any vacuum under which the 
centrifugal pump will operate. 4) Uses no 
foot valve. 5) Flexible capacity; will 
serve additional pump installations satis- 
factorily. 6) Does not affect pump effi- 
ciency. 7) Improves operation of pump. 
8) Simple design insures long life, freedom 
from trouble, highest efficiency. 


How the Primer Operates 


Drawing below shows the V-APCO 
Primer. A priming valve of the 200 series 
is placed on the vent of the centrifugal 
pump. While the vacuum pump is produc- 
ing a vacuum, the valve passes all air that 


may be in the pump or suction line. When 
the air is withdrawn, it is followed by 
water which raises the valve float. That 
closes the outlet and prevents flooding of 
the vacuum pumps. 


The Air Release Valve is mounted on the 
pump and connected to the vacuum storage 
tank that stores enough vacuum to act as 
a cushion on the vacuum pump. It provides 
a way to withdraw small amounts of air 
from the pump and suction lines from time 
to time. This makes frequent starting and 
stopping of the vacuum pump unnecessary. 


A vacuum breaker on the vacuum tank 
unloads the vacuum pump in the unlikely 
event that is required. A vacuum switch 
with vacuum release connections is mounted 
on the vacuum tank and starts the vacu- 
um pump when the vacuum drops in the 
storage tank and stops the pump when full 
vacuum has been reached. The vacuum 
release connection unloads the vacuum 
pump when it is not operating and places 
it in condition to start at no load. 


The check valve between the switch and 
the pump ae — — _ for the 
ing vacuum storage 

con when the pump is not operating. 


THE APCO PRIMER 














How the Apco Primer Works 


This cut shows primer in service with 
the pump running. When the pump starts, 
it draws liquid from the lower chamber of 
the primer and discharges it through the 
upper chamber. The withdrawal of the 
liquid from the lower chamber creates a 
partial vacuum in this chamber which 
causes the liquid in the sump or well to rise 
in the suction pipe and flow through the 
primer to the pump. When the pump 
stops, the liquid in the upper chamber runs 
back through the pump into the lower 
chamber by gravity, thus refilling the low- 
er chamber with liquid to prime the pump 
when it starts again. 


Sectional View of Valor: 
Nes. 50-40 for Pressures Up 


Sectional view of Valve 
Neo. 200. The valve has 
large venting capacities 
an. positive opening 
when under vacuum, 


Apco Automatic Air Relief Valves 
V-Apco Automatic Vacuum Primers 


APCO.-Air Release Valves 


APCO Air Release Valves are made in 
17 different sizes and capacities varying 
from the smallest with 34” pipe connec- 
tion and small venting capacity to our large 
2” size with an opening of 1” diameter 
and vacuum and air release valve from 2” 
to 6”. We illustrate below a very few of 
these types. Your venting problems can 
be handled by some one of our valves in 


the proper manner. Prices are reasonable. 


Sectional View of Valwe No. &5. 








Sectional View of No. 150 Series Air and Vaouum 
Valves. 
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Water Purification Squigment 
RESEARCH - ENGINEERING - MANUFACTURING 


Offices. Chicago » New York + Cleveland + Cincinnoti » Konsos City - Soles Rep: throughout the World 











PROCESS...AND EQUIPMENT...FOR WATER CONDITIONING PLANTS 


Years of close cooperation with consulting 
and operating engineers in solving many 
problems have made American Well Works 
a progressive leader in the water works 
field. This actual experience, supported by 
research, engineering, and complete manu- 
facturing facilities, enables us to recommend 
efficient and economical treatment from our 
comprehensive line of field-tested processes 
and equipment. 


JRON AND CARBON DIOXIDE REMOVAL 


THE FERROFILTER—with one simple opera- 
tion, removes iron, manganese, carbon di- 
oxide, and other dissolved gases and odors. 
The raw water is applied by a rotary aerator 
on a blower-ventilated trickling filter using 
tanthracite media. Backwashing is quick and 
thorough. 


Write for Bulletin No. 252A 


SOFTENING AND TURBIDITY REMOVAL 


THE FPLOCSETTLER—xgives complete cold 
water conditioning in one unit. Lime soda 
softening and turbidity removal are accom- 
plished in a rapid mix zone (raw water and 
chemicals), in a gentle agitation chamber 
(flocculation), and in a verticle-flow settling 
tank. Positive recirculation of lime sludge 
and partially treated water, adjustable con- 
trol of the slurry blanket, give more com- 
plete treatment and stabilization. 


Write for Bulletin No. 256A 


by ey Homomix 
Patent Applied For) 


Sectional View of Ferrofilter 
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MIXING, RECARBONATION, AND 
FLOCCULATION 


THE HOMOMIX— ives instantaneous, vio- 
lent, and uniform mixing of one or more 
chemicals, or gases, with water. Immediate, 
total diffusion—the most important factor 
for the efficient and economical addition of 
chemicals or gases—is obtained without the 
use of a mixing tank! For new plants it 
eliminates necessity for costly mixing tank 
construction; for existing plants it can be 
effectively used to improve treatment. The 
HOMOMIKX, in one or more stages, is in- 
stalled in and forms part of the piping. It 
consists of direct-connected motor driven 
diffuser impellers rotating in blending 
chambers. Each chamber has a chemical in- 
let connection and a transparent plastic ob- 
servation port through which the mixing 
action is visible. A lift impeller can be add- 
ed to provide additional head, if required. 
PROPELLER AND RM TYPE MIXERS— 
for rapid mixing to obtain continuous 
blending of coagulant with raw water. 

DOWNEFLO FLOCCULATION UNIT—a low 
speed axial flow turbine for slowly mixing 
a large volume of water at a low velocity. 


Write for Bulletin No. 266 





SLUDGE REMOVAL 


POSITIVE FLIGHT CONVEYORS—for rec- 
tangular settling tanks. 


CIRCULAR CLARIFIERS—for round set- 
tling tanks. 


Write for Bulletin No, 253A 


As pioneers in the invention and manufac- 

ture of pumps for water plants, we have 

thousands of installations throughout the 

world meeting exacting requirements over 

long periods. Detailed information fur- 

nished on all types and capacities for 
LOW AND HIGH SERVICE 


VERTICAL DEEP WELL TURBINES 
BACKWASH . . . GENERAL SERVICE 





Measuring Pump Performance 


UMPING costs are one of the major 

operating expenses f water supply sys- 
tems. Hence, it pays to keep close check on 
the performance of the pumps to be sure 
that they are operating at peak efficiency 
and that the pump and motor have been se- 
lected correctly in the first place. After hav 
ing inspected pumps for twenty years, the 
author is still surprised to find a consider 


Kilowatt input to motor 


Brake horsepower to pump 
~~ | Overhead 
Storage 


Discharge 
/ Head 


Gage Level Difference 
Suction Head 


Clear Well 


Fig. 1. High-Head Pump Installation 
able number which were not properly chosen 
and which are greatly overmotored. 

The object of this paper is to present 
methods of measuring pump performance 
while in operation so that pumps which are 
poorly selected or which are not performing 
as they should can be readily detected. The 
mehods given are for field checking purposes 
227 by per- 


* Reprinted from JAWWA, Vol. 41, p 


mission 


During Operation® 


N. C. EBAUGH 
Head, Mech. Eng. Dept 


Univ. of Florida, Gainesville, Fla 


and cannot therefore be expected to have 
the high accuracy attained in the laboratory 

Four quantities must be measured in order 
to check pump performance properly: the 
total head, the input horsepower, the quan- 
tity of water pumped and the rotation 
speed. These measurements must be taken 
simultaneously under the same conditions 
while the flow, head and speed are steady 
Other flow rates are then taken if the whole 
performance curve of the pump is desired 


Pump Heads 

A typical high-head pump arrangement 
for a water plant is shown in Fig. 1. The 
total head (H,, in feet) developed by the 
pump for this arrangement is given by Eq. 1 
and represents the actual amount of useful 
energy that the pump imparts to each pound 
ot water 


H; =Ho—H.+Hov+Hv,0—Hyvs (1) 


In this equation Hz» is the discharge gage 
pressure, in feet, equaling 2.31 times the 
gage pressure in pounds per square inch; 
H, is the suction gage reading, in feet, equal- 
ing 1.13 times the gage reading in inches of 
mercury; Hep is the gage level difference, 
in feet, equaling the discharge gage center 
elevation minus the elevation of the suction 
gage connection; Hy.» is the velocity head 
in the discharge pipe, in feet; and Hy es is 
the velocity head in the suction pipe, in feet, 
equaling the square of the velocity, in feet 
per second, divided by 64.34. 

The gages used should be calibrated with 
a dead-weight tester and care should be 
taken not to use pipe connections larger than 

4 in. for the gages. The gage pipe connec- 
tions should not extend beyond the pipe wall 


but should be flush and free of all burrs on 
the inside. 

The velocity head, which is the energy the 
pump has to put into the water to bring it 
up to the speed in the pipe, may be taken 
from Fig. 2. For example, the velocity head 
for 1,400 gpm. flowing in a 10-in. pipe is 
0.5 ft 
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Pump Capacity - gpm 
Fig. 3. Comparison of Pump Characteristics 
Data from American-Marsh Pumps, Inc. 


Horsepower and Efficiencies 

The actual horsepower (whp.) imparted 
to the water as it flows through the pump 
will be: 


it Xepm_ (2) 


whp. = 3,960 


with Hi; 
“gpm. 
minute. 

The input shaft horsepower or brake 
horsepower from the motor is greater than 
the water horsepower because of the various 
hydraulic and mechanical losses of the 
pump. The brake horsepower (bhp.) is 
given by: 


being the total head, in feet, and 


the pumping rate in gallons per 


100 whp (3) 


bhp. 
> 2 pump efficiency (%) 


The electrical power input to the motor 
is greater than the brake horsepower output 
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Fig. 4. Motor Efficiency Curves 
Data from Westinghouse Electric Corp. 
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Bxample: 
motor kilowatts and pumping costs for a 1,40 
pump with 150-ft. head, 83% pump efficiency, 92% 
motor efficiency and 1.5¢/kwhr. 


Answer 
and follow arrows to 150-it 
pump ery, + 
52 kw., 
cost, 
pumping cost. 
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Find the water and brake horsepower, 


gpm. 
power cost. 


Start at 1,400 gpm. (upper left graph) 
head, 53 whp., 83% 
64 bhp., 92% motor efficiency, 
1.5¢/kwhr. power cost, 78¢/br. pumping 


1,400-gpm. capacity and 0.93¢/1,000 gal 


Fig. 5. Estimating Horsepower, Kilowatts and Pumping Costs 


because of the electrical and mechanical 
losses within the motor. The kilowatt input, 
then, is given by: 

74.6 bhp. 
= Motor efficiency (%) 
Typical pump and motor performance 


kw. (4) 
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Fig. 6. Estimating Horsepower Output 


curves are shown in Fig. 3 and 4. The motor 
data in Fig. 4 are not for the pumps of Fig. 
3 but may be taken as representative. Two 
sets of data twenty years apart are presented 
to bring out the magnitude of the improve- 
ments made during this period. The peak 
efficiency of the 6-in. pumps (1,750 rpm., 

1,800-gpm. capacity at 160-ft. head) shown 
in Fig. 3 was raised from 81 to 86 per cent. 
The peak efficiency of the 30-hp., 220-v., 


per cent 


Ettwiency - 


75 10 


15 202530 40 5060 75 


three-phase, 1,750-rpm. induction motors 
shown was raised from 87.5 to 90.5 per cent. 
The combined efficiency, or wire-to-water 
efficiency as it is sometimes called, has in- 
creased from 71 to 78 per cent, which means 
that almost 10 per cent of the pumping cost 
may be saved, as compared with a 1928 
installation, by changing to a modern pump 
and motor. This does not take into account 
twenty years of wear which makes moderni- 
zation even more attractive. To put it an- 
other way, a 10 per cent saving for the 
pumps shown in Fig. 3, at a rating of 1,800 
gpm. and a 160-ft. total head, means that 
$1,350 a year will be saved if the pump oper- 
ates continuously and power costs 2c per 
kilowatt-hour. 

A convenient chart for quick estimates of 
water horsepower, brake horsepower, kilo- 
watts and pumping costs per hour and per 
1,000 gal. is given in Fig. 5. This chart is 
useful for checking the accuracy of 
computed results from pump tests to detect 
gross errors of calculation. 


also 


Power Measurement 

One of the most convenient ways of meas- 
uring the power output of induction motors, 
without interrupting their operation, is with 
a hook-on volt-ammeter. Usually there is 
enough slack in the wires in the motor 
starter box to take oh mt for each phase 
—the method given here pertains to three- 
phase circuits but can be adapted to others. 
The average current of the three phases is 
then divided by the full-load amperes, as 
stamped on the nameplate of the motor, and 
the power output obtained from Fig. 7 (1) 
For example, if the average current for an 
1,800-rpm., 220-v., 30-hp. motor with a full- 
load current of 75 amp. is 50 amp., 50/75 
equals 67 per cent of the full-load current, 
and the power output is 62 per cent of 30 
hp., or 18.6 hp. This example is shown by 
the dotted lines on Fig. 6. 

The volt-ammeter is convenient for check- 
ing to see that the motor nameplate voltage 
is maintained, and it will also reveal any 
serious unbalance between the three phases. 
This method of power measurement should 
usually yield results accurate to within 
about 3 per cent. 

Another method of determining power is 
with the aid of the watthour meter. A watt- 
hour meter installed on the pump control 
panel can be used, or, if the rest of the plant 
can be shut down, the plant watthour meter 
may be used. 

The procedure is simply to count the 
number of revolutions of the meter disc for 
a timed interval (three minutes is usually 
enough) during which the water measure- 
ments are taken. The electrical input to the 
motor is given by the equation: 

3.6RK 
kw. a 
in which R is the number of revolutions of 
the disc in time S; S is the time of the test, 
in seconds; and K is the overall meter con- 
stant. 


(5) 


100 


Motor Size - hp. 
Fig. 7. Three-Phase Motor E ficiencies for Half Load or Above 
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Fig. 9. Open-End Orifice Plate for Pump Testing 
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Fig. 10. Alternative Orifice Plate Installation 
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The meter constant is usually shown on 
the disc as K= 0.6 or on the meter name- 
plate as Ky 0.6. A constant of 0.6 means 
that 0.6 whr. of electricity is used for each 
revolution of the disc. Of course, the con- 
stant may have other values. If potential 
and current transformers are used with 
watthour meters, as is frequently done, their 
stepdown ratios must be used to get the 
overall meter constant, K 

To illustrate, assuming that the meter 
constant is 0.6 with a 10:1 potential trans- 
former and a 5:1 current transformer, the 
overall meter constant is (0.6) (10) (5) or 
30 whr. per revolution. 

Ihe brake horsepower output of the motor 
is obtained from the equation: 


bie. a kw. x motor efficiency (%) (6) 
74.6 

Motor efficiencies for typical alternating 
current motors with half load or more are 
given in Fig. 7. The accuracy of this method 
should be about as good as that with the 
hook-on volt-ammeter method. For example, 
assuming that an overall meter constant of 
0.6 applies to a 100-hp. motor being tested, 
it is desired to find its brake horsepower 
output if the meter makes 123 revolutions 
in three minutes. From Eq. 5, the kilowatts 
to the motor will be (3.6) (123) (30)+ 
(3) (60) = 73.8 kw. Since Fig. 8 shows a 
91 per cent efficiency for a 100-hp. motor, 
the brake horsepower given by Eq. 6 is 
(73.8) (91) +746 90 bhp. 


Water Measurement 

Accurate measurement of pump capacity 
is usually more difficult to make in the plant 
than either head or power measurement. 
Sometimes a plant Venturi or orifice meter 
exists which can be valved to measure the 
flow from one pump at a time. If the meter 
has been checked for accuracy, the problem 
is easy, but more often other means have 
tc be employed for field testing, such as 
measured tanks or filter basins, orifice 
plates, pitot tubes or weirs. Weirs will not 
be considered in this paper in order to keep 
it to a reasonable length. 

If the pump discharge can be diverted into 
a filter or a tank which has been carefully 
measured, the capacity can be determined by 
timing the rate of level rise with an impro- 
vised hook gage and a stopwatch. This will 
give the cubic feet per minute flowing, and 
the gallons per minute can easily be secured. 
Sometimes the tank may be more conven- 
iently located on the pump suction side 
rather than on the discharge side. A satis- 
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factory hook ¢ can be made by nailing 
through a 1 X 4-in. board and turning the 
ends of the nails up as shown in Fig. 8. The 
time for several successive nail points just 
to break through the water surface should 
be taken to secure check readings. 
Frequently orifice plates offer a fairly 
simple method of field testing, particularly 
for well pumps. The orifice in the plate 
should be lathe-cut and not over 1/16-in. 
thick, and the upstream edge must be sharp 
and free of all burrs but not rounded. The 
plate is concentrically bolted to the end of a 
flanged pipe as shown in Fig. 9. Sometimes 
the plate can be slipped between the flanges 
of a straight run of pipe as in Fig. 10. Care 
must be used when putting in the %-in 
pressure taps to see that they are smooth in- 








Fig. 13. Pitot Tube Installation 


side with no burrs and that they do not 
extend past the pipe wall. 

The flow (Q, in gallons per minute) indi- 
cated by an orifice plate is obtained from 
the formula : 

Q=m5.68CP he (7) 
in which C is a coefficient dependent upon 
the ratio of the orifice diameter to the inter- 
nal diameter of the pipe; d is the orifice 
diameter, in inches; and A. is the differen- 
tial pressure on the orifice, in inches of 
water. 

If the arrangement of Fig. 10 is used with 
a mercury manometer completely filled with 
water over the mercury, a more convenient 
equation is: 

Qe 20.2Cd* Vin (8) 


in which A. is the differential pressure on 
the orifice, in inches of mercury. 

Figure 12 is a graphical solution of the 
theoretical flow of the orifice exclusive of 
the coefficient C. Values from Fig. 12 have 
to be multiplied by C from Fig. 11 to get 
the actual flow. Figure 12 is also helpful in 


selecting the proper size of plates for a test. 

The pitot tube, invented in 1730 by the 
French engineer Henri Pitot, is still one of 
the best devices for making field measure- 
ments of the capacity of pumps. The ar- 
rangement of the tube, as successfully used 
for many years by Gregory (2), is shown in 
Fig. 13(a) and the points in the pipe where 
the tube is placed are shown in Fig. 13(b). 
A tube which is a slight modification of 
Gregory's and which is built in accordance 
with the standards of the Hydraulic Insti- 
tute can be inserted through a standard 1-in. 
corporation cock or a l-in. gate valve. Ten 
diameters of straight pipe should be ahead of 
the tube position and five diameters should 
be after it. 

Because the pitot tube measures the 
velocity of the water at a point, a traverse 
of the pipe must be made to determine the 
average velocity. Usually ten readings are 
sufficient for field work. The tube is placed 
at the points shown in Fig. 13(b) and each 
differential pressure is converted to velocity 
(V, feet per second) by 


V = 2.32/he (9) 
in which Ay is the differential pressure, in 
inches of water. The flow is then secured 
from the internal pipe diameter (in inches) 
and the average of the ten velocities by the 
formula : 


Q = 2.45DV avg (10) 


If sufficient straight pipe is available to 
give a symmetrical flow pattern in the pipe, 
the average velocity is approximately equal 
to 0.84 times the velocity indicated at the 
center of the pipe 


Pump Speed 

It is necessary to measure the rotation 
speed of a pump when checking its per- 
formance and to correct all readings to a 
single speed before plotting the results as 
in Fig. 3. The speed can be taken with a 
calibrated tachometer or a simple revolution 
counter and stopwatch. 

The motor speed will vary slightly at the 
several load points during a test and the 
following formulas can be used to correct to 
one standard speed, S,: Capacity at S,: 


| — (11a) 


is = —_— 
= ome rpm» 


Head at S,: 
ee y (11d) 
tTpmm 


H. = Ha ( 
Horsepower at S,: 


(Ile) 


bhp: = bopm ( Wo y 


Tpmm 

The subscript s refers to the standard 
speed and the subscript m to the measured 
speed at each test point 

The coefficient C in both Eq. 7 and 8 
depends upon the ratio of the plate hole 
diameter (d) to the actual inside diameter 
(D) of the pipe. Values of C for various 
ratios are given in Fig. 11 


Determining Proper Selection 

All of the foregoing measurements are 
incidental to the main question of whether 
or not the pump is selected properly and 
whether it is operating properly in a given 
system. 

Referring to Fig. 1 and assuming that 
1,800 gpm. is needed, and that the lift of the 
water from a full clear well level to a low 
level in the overhead storage tank is 120 ft., 
the head required to pump various amounts 
of water to the system will be given by the 
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minimum system head curve in Fig. 14. A 
high-lift condition would require a lift of 
150 ft., and this maximum system head curve 
is also shown in Fig. 14. The two condi- 
tions given here are purposely exaggerated 
as compared with usual operating practice. 

If the head-capacity curve for the 1948 
pump is taken from Fig. 3 and put on Fig. 
15, it will cross the two system curves at 
points A and B. It is important to note that 
once the pump is connected to the system it 
can operate only between these two limits 
and along its own head-capacity curve. In 
this example, the limits are from 1,610 to 
2,030 gpm., and the pump should be speci- 
fied for 1,800 gpm. at 160-ft. total head, as 
this would be close to its usual operating 
condition. Examination of Fig. 3 shows that 
the pump develops its maximum efficiency 
in this range 

A test will show whether or not the pump 
is properly selected for operating near its 
peak efficiency. Also, a curve similar to Fig 
3 will be furnished by the pump manufac- 
turer for each pump, and the test results 
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can easily be compared to determine if the 
pump performance is up to design value. 


Summary 
The data and methods presented in this 
paper may be briefly summarized: 


1. It has been shown that the replacement 
of twenty-year-old pumps and motors may 
result in worthwhile savings in pumping 
costs. 

2. Field methods of measuring pump head, 
horsepower, kilowatts in-put, capacity and 
speed have been presented. 

3. Convenient graphical methods of esti- 
mating and checking pump performance 
have been given. 

4. The determination of whether or not 
the pump is performing in accordance with 
its design characteristics can be made with 
the aid of the methods and data given. 


5. A method for ascertaining whether or 
not a pump is properly selected has been 
given. It has been shown that a pump can 
operate only within the limits determined 
by the system head-capacity curves and that 
it is important for the balance point to corre- 
spend to the peak of the pump efficiency 
curve. 
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@fl® WATER CONDITIONING EQUIPMENT 


Infilco has for more than fifty years specialized in the design 
and manufacture of all types of equipment for municipal water 
conditioning plants—softening and filter plant equipment, re 
carbonators, chemical feeders and proportioners, gauges, hy 
draulic controls, etc. By prov iding a complete range of wate? 
conditioning equipment, Infilco offers the user the important 
advantage of undivided responsibility 

4 complete laboratory and a staff of competent engineers are 
available for making recommendations and reports to the con 
sulting engineer or his client. It is, of course, inte nded that this 
service shall cooperate with, and not conflict u ith, the work of 


the engineer 


WATER SOFTENERS 

There are Infilco water softening plants for every require 
ment and for every type of water. You may depend upon our 
unbiased recommendation for your particular needs. Thou 
sands of softening plants of various types in use the country 
over testify to the continued satisfactory service rendered by 


these units 


ACCELATORS® FOR SOFTENING, 
CLARIFYING AND STABILIZATION 


The Accelator for water softening, clarification, or stabiliza 
tion is one of the most important water treatment develop 
ments in recent years 
It is the most outstand 
ing of the modern 
high-rate treating 
plants, as evidenced by 
the more than 1100 
Accelators now in serv 
ice. It replaces in a sin 
gle basin the old style 
separate processes of 
mixing, coagulation 
and sedimentation. Not only does it save up to 80% in space, 
but it also produces a cleaner, more stable effluent than is avail 
able with any other type. This means greater chemical econ 
omy, longer filter runs, easier operation, and less maintenance 
rhe principle of slurry recirculation and dynamic separation 


are unique with the Accelator 


ZEOLITES AND ZEOLITE SOFTENERS 


Infilco zeolite softeners are of either pressure or gravity type 
and are built in sizes to meet any capacity requirement. Con- 
trols are furnished for 
either manual, semi- 
automatic, or fully 
automatic operation as 
desired 

A variety of Infilco 
zeolites is available, 
and the selection of 
type to be used will de- 
pend upon the char- 
acteristics of the water to be softened and upon requirements 
All Infilco zeolites are capable of quick regeneration, consider 
able overload capacity and operation at high rates of flow 
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Infilco dry chemical feeders provide means for accurate 
volumetric and gravimetric measurement of powdered, granu 
lar, or lump materials such as lime, alum, soda, carbon, et« 


Capacities are from a fraction of a pound to hundreds of 


®.> 


pounds per hour. Solution and wet chemical feeders are avail 
able in numerous types and many sizes to meet any requirement 
for accurately measuring and feeding chemical solutions and 


slurries 


LIME SLAKERS 

The Infilco lime slaker combines in 
one continuous, automatic process the 
economical feeding and slaking of quick 
lime, followed by the preparation and 
delivery of a correct milk of lime mix 


ture for water treatment. 


PROPORTIONERS 

Infilco proportioners are recommended for those plants 
which will treat water at varying rates of flow. Their applica 
tion is primarily in controlling the rate of chemical feed so 
that it is always directly proportional to the flow of water 
There are various types of Infilco proportioners to satisfy dif 


ferent requirements 


PRESSURE AND GRAVITY FILTERS 
Clean, clear water, essential for municipal supply, is assured 
by Infilco pressure or gravity filter plants, in capacities from a 
hundred gallons per day up 
The design of every Infilco filter plant is based upon sound 
engineering principles backed 
by over fifty years of experi 
ence in equipping many hun 
dred municipal water works, 
and in building tens of thou 
sands of industrial filters 


TRANSFER SWITCHES. OPERATING TABLES, 
ROBOTROLS® AND SAMPLING TABLES 
Infilco transfer switches provide finger-tip control of hy 

draulically operated mechanisms. They meet every requirement 





of 4-way plugs or piston cocks without their inherent disadvan 
tages. Extreme compactness is obtained by grouping all four 
separate valves in one body, along with pressure and wast 


passages 
Infilco operating tables offer both 
utility and a pleasing appearance. They 
provide centralized and simplified con 
trol for a number of hydraulically oper 
ated valves, and at the same time fur 
nish an attractive mounting for the 
control levers, indicators and gauges 
The Robotrol is a robot filter or softenet operator. It back 
washes (or regenerates) and returns the unit to service—auto 
matically, efficiently, and without supervision 
Sampling tables furnish a visual check on the condition of 


raw, treated and filtered wate 


INFILCO FILTER UNDERDRAINS 


Wagner filter underdrains pro 

vide a primary distribution sys 

tem of a manifold and laterals on 
*. 

wide centers, with distribution 

orifices along their undersides 


and a secondary system of Wag 
The system fills 


With 


an asbestos and Portland 


ner precast blocks fitting between the laterals 
every requirement for perfect wash water distribution 
manifold and laterals of Transite 


cement product) this underdrain is practically everlasting 


CONTROLLERS 


Infilco rate of flow controllers 
automatically maintain uniform 
rates of flow prevent dangerous 
wash rates, and are notable fo 
their accuracy, low loss of head, i 
reset and rate setter features 
Infilco water level controllers 
operate hydraulically controlled valves to maintain basin o1 
tank levels within definite limits 


VORTI-FLOC 
The Vorti-Floc promotes economy and efficiency in the 
chemical treatment of water and sewage. It causes applied 
chemicals to be utilized fully by bringing the products resulting 
from chemical reactions into intimate contact with the liquid 

undergoing treatment 

Rolling the liquid over gently 
and repeatedly provides a most 
effective contact between coagu 
lating substances and solids 
Finely divided particles are 
brought together into larger 
masses which are themselves pre 
vented from depositing hy the 
moving liquid which continually sweeps up the bottom of the 
All of the chemicals applied are usefully employed in 
rhe solids coagu 


basin 
coagulating the solids, and waste is avoided 
late and collect rapidly, clarifying the liquid, and aggregate 


into masses having proper subsiding values. The Vorti-Floc 


principle has been proved by its use in hundreds of Accelators. 


RECARBONATORS 


Infilco recarbonators are avail 
able for water softening plants 
where lime is used. This process 
of stabilizing lime-softened wate: 
is effective and inexpensive. The 
equipme nt provides for produc 
ing, cooling and scrubbing, com 
pressing, drying and applying 


the carbon dioxide gas to the softened water 


GAUGES AND INDICATORS 


Infilco illuminated indicators 
and indicating, recording, rate of 
flow, loss of head, and liquid 
level gauges, furnish visible and 
permanent evidence of hydraulic 


alg 


EEE 
There ave various types of Infilco 


both table and pedestal mountings, to 


conditions, guide plant operation 


and provide required records 


gauges available, with 
fill every requirement for this kind of equipment 


AERATORS 
To permit selection of the proper type of acrator to meet 


conditions of head and space available, character and quantit 





- 





of water to be handled, and the results desired—Infilco offers 
its MultiCone, forced draft, coke tray. floating cone, adjustable 


cone and cascade aerators 


STELLAR” FILTER RECIRCULATING 

SYSTEMS FOR SWIMMING POOLS 

Stellar Filter Recirculating Svstems are outmoding conven 
tional sand filter installations because of smaller space require 
ments, lower installation costs, and saving of wash water 
Stellar Filters are the original diatomite filters to be used on 
pools and their performance establishes the standard by which 


this type of filter is judged. Stellars produce clearer water with 
less care and without skilled operators, and they cannot be in 
jured by neglectful operation. Other Infilco pool equipment 
includes: control and regulating equipment, chemical feeders, 
pool cleaners, pool fittings, testing outfits, hair and lint catch 
ers, sterilizers, heaters, recirculating pumps, and additional 


specialties 
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QI SEWAGE TREATING EQUIPMENT 


Following are typical examples of Infilco equipment for 
chemical, biological and mechanical sewage treatment processes 
Chemical feeders, slakers, automatic proportioners, and flow 

eters, common to both water and sewage plants, ave described 


preceding pages 


AUTOMATIC SEWAGE SAMPLERS 


Infilco automatic sewage samplers 
collect and composite sewage samples at 
any desired interval from one to twenty 
times per hour. They are designed to 
permit sterilization and include a re 


frigeration unit if desired 


ACCELO® FILTER SYSTEMS 
rhe Accelo-Filter system provides a new and improved 
method for treating 
sewage and organic 
wastes by constant, di- 
rect recirculation 
through the trickling 
filter. This results in 
repeated inoculation 
with freshly aerated 
material and provides effective reduction of the organic content 
of the biological filter at a considerably higher dosage rate 


ROTARY DISTRIBUTORS AND DOSING SIPHONS 
Only Infilco rotary distributors ¥ 

offer so many important refine- 

ments such as full opening arm 

end gates, mercury seal with pro- 

tective seal ring, with low oper 

ating head requirements and uni 

formity of distribution. Aero ; 

Spray Nozzles provide a fan-shaped variable spray which assures 
optimum coverage and maximum aeration. Infilco dosing 
siphons insure perfect operation of distributor mechanism at 


all flow rates. 


CLARIFIERS 
Infilco Types WS and PD Clari 
fiers obtain a perfect balance of 
the conditions necessary for effi- 
cient operation. These Clarifiers 
are designed with curved scraper 
blades that gently concentrate 
and remove settled material with 
practically no disturbance of the Si 
liquid. Accordingly, retention periods may be selected to avoid 
both septic action and excessive surface scum formation 





VORTI-MIX AERATORS 

The Vorti-Mix Aerator is a combined mechanical mixing and 
air diffusion system which provides more economical aeration 
for activated sludge treatment. It is not subject to clogging and 
hence is cheaper to operate and maintain than other diffusion 


systems 
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INFILCO’S “DAYTONA BEACH PROCESS” 


Infilco’s “Daytona Beach Process” is one of the most signifi 
cant new developments in the field of sewage treatment. It is 
based on the ability of water softening plant sludge (or other 

similar material) to re- 
move oil and greases 
and colloidal organic 
matter. Utilizing the 
Accelator (Page 2) with 
Vorti-Mix Aerator, the 
process accomplishes 
BOD reduction as high 
as 80% and produces an effluent averaging only 10 ppm sus 
pended solids, at but a fraction of the cost and space of other 
primary treatment methods. 


AERO-ACCELATOR 

The Aero-Accelator with Vorti-Mix Aerator combines inten 
sive aeration with Accelator type circulation to set up the 
proper conditions for rapid biological oxidation and clarifica 
tion of liquid wastes or sewage. Dispersion of air throughout 
the entire mass of “activated slurry” permits a much shorter 
treatment time than is possible with conventional methods. 


VORTEX GRIT REMOVERS 

To protect treatment plant equip- 
ment, and to reduce the non-digestible 
load on the plant, Infilco offers the 
Vortex Grit Remover. The Vorti-Flo 
Impeller produces controlled velocities 
which are always right for selective sep- 
aration and collection of clean grit. 


GRIDUCTORS® 

The Griductor, for sewage screening 
and cutting, offers the unique advan- 
tages of straight channel installation 
plus double-end adjustable cutter teeth 
which may be resharpened and re- 
aligned for longer effective life. It is 
easily installed in existing channels and 
no difficult framework is required for 
new construction. 


DIGESTERS 

Infilco’s Type VC Digester provides better digestion and 
better gas generation. The Vorti-Flo impeller sets up a con- 
trolled disturbance in the upper 
part of the tank to prevent ex- 
cessive scum formation and to 
provide the agitation and mixing 
necessary for optimum digestion. 
The difficulties of excessive scum 
formation are avoided and the 
benefits of proper mixing, circulation and temperature control 
are obtained with the VC Digester. 
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DEEP WELL PUMP TESTING* 


NHE general theory and use of hydraulic 
‘T and electrical instruments to test pump- 
ing plants have been the subject of many fine 
articles. The matter is also amply covered in 
textbooks and in some very excellent bulle- 
tins pre pared by pump and instrument man- 
ufacturers. Hence, this article will be con- 
fined to the specific field equipment, methods 
and practices employed by the Pacific Gas 
and Electric Co., in testing the pumps of its 
customers in northern and central Cali 
fornia. For the same reasons, formulas will 
be held to the minimum. Wells, as a sepa 
rate subject, will be only partly covered 


The pump test service was started in 
1923 by what was then the San Joaquin 
Light and Power Co., now a major division 
of Pacific Gas and Electric. At present nine 
two-man crews, strategically located from 
Bakersfield to Marysville, Calif., are 
equipped with hydraulic and electrical in- 
struments to conduct field tests, all of which 
are made at the customer’s request in the 
form of a signed application. A total of more 
than 70,000 tests have been made to date 
Each test involves field measurements and 
notes, a typewritten report to the customer 
(with any recommendations needed), and 
personal delivery or a letter of transmittal 
The letter usually contains power usage fig- 
ures, data on the total amount of water 
pumped and unit cost figures. As the work 
is seasonal, during the summer farm irriga- 
tiation season the crews are usually one or 
two months behind the test applications. The 
company conducts free tests because a cus- 
tomer with inefficient pumping equipment 
will frequently believe that the poor per 
formance of the pump and his increasing 
power are due to improper electric 
service or excessive rates 


costs 


Essentially, the tests yield reasonably ac- 
curate, usable information about the pump 
ing plant, which the customer can employ 
to maintain minimum pumping costs, maxi 
mum flow or both. Unless the customer rep 
resents a large organization rather than an 
individual water works operator or farmer, 
he can usually not obtain this service else 
where except at considerable cost, if at all 
More than 6,000 tests are made each year, 
and in 1948 approximately 5.2 per cent in- 
volved water works pumps. It is the desire 
of the company to be of maximum service to 
all classes of customers—agricultural, indus 
trial or water works. As all but a very few 
of the company’s 50,000 agricultural cus- 
tomers have no engineering service avail- 
able, however, the farmer receives about 
87 per cent of the tests made annually 


Testing Procedure 


The testing of a deep well turbine in its 
well requires not only proper instruments 
but a tester with sufficient knowledge of 
the characteristics and limitations of these 
instruments to obtain maximum accuracy 
when employing them, together with sufh 
cient knowledge of pumps, motors and wells 
to interpret the data obtained. In order to be 
of service to the pump owner, the tester does 
not require instruments of laboratory ac 
curacy. The time and expense involved in 
installing an orifice, nozzle or weir would 
seldom be justified, and, unless a great 
many conditions of the individual installa 

*Reprinted from JAWWA, Vol 1013 by 


permission 


41, p 


FRANK C. MIRAMONTES 
Pump Testing Supervisor 
Gas & Elec. Co., San Francisco 


Pacifu 


tion were taken into account, these instru 
ments would be no more accurate than the 
pitot type. Fig. 1 shows schematically the 
test values for a deep well turbine deliver- 
ing water to an elevated tank in a water 
system. Most of the terms are self-explana 
tory. Although the water-bearing stratum 
(there are often several) above the stand 
ing level may provide insufficient water to 
affect the well water levels materially, the 
falling water it produces frequently inter- 
feres with water level measurements. When 
the standing water level has been measured, 
the pump is started. In some areas the 
pumping level will stabilize in a few min- 
utes, while in others it takes hours. Readings 
made while the water level is dropping 
rapidly are generally not simultaneous and 
also the test is not sufficiently typical of 
operating conditions to be of much use 
When the level has stabilized, further test 
readings are taken. Assuming the speed to 
be relatively constant, figures for total lift 
(pumping level and discharge level), capac 
ity (gallons per minute) and horsepower 
input to motor are required to determine the 
overall plant efficiency 

Where the distance to water is very small, 


the water level can often be seen and meas 
ured with a tape line. Usually, however, a 
sounnder tip is connected through a reel of 
flexible insulated wire to a voltmeter (or 
milliammeter ) and a battery, the latter being 
grounded to the pump or well casing. The 
battery voltage is 45-45 v. When the 
sounder tip is lowered until its copper wire 
touches the water surface, completion of the 
circuit produces an indication on the volt 
meter. The wire is then marked at the 
reference, usually the centerline of the pump 
head discharge, and the wire is then raised 
and measured with a steel or fabric tape 
If the tip is lost, a new one is readily con 
nected by a hand splice and taping 


Use of Air Line 

Sometimes water falling from an upper 
perforation gives an unsteady indication on 
the meter, and the exact point of touching 
the pumping level cannot be determined. In 
this situation an air line can be employed 
Also there may be so much oil on the sur- 
face that the electric circuit cannot be com- 
pleted. More than 16 ft. of oil (bearing leak 
age) has been found above the water in 
wells, although that figure is above average 
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Fig. 1. Test Values for Deep Well Turbine 
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Fig. 2 


The lower specific gravity of the column of 
Gil permits it to float on top of the water, 
ving it an upper surface somewhat higher 
+ and a lower surface far below, that 
Which would be reached by water alone. A 
Beading taken at the top of the oil would 
therefore indicate a water level somewhat 
Righer, and at the bottom of the oil much 
flower, than true hydrostatic pressure would 
oduce. Again an air line can be employed 
provide true water levels. Its effective 
Tength minus the maximum gage reading 
(converted to feet) is the water level. Air 
lines are extremely reliable, provided the 
effective vertical length is known. 

Often the standing water level, but not 
the pumping water level, can be obtained 
with an electric sounder. When a permanent 
air line is in place and a satisfactory stand- 
ing level measurement with the electric 
sounder is possible, adding the maximum 
gage reading in feet to the standing level 
measurement will provide the effective air 
line length. Checking is necessitated by the 
possibility of breakage or leaks. If other 
means have failed, testers have sometimes 
lowered an electric-sounder line—with the 
sounder tip removed and an open sleeve 
over the bare wire end—<down the inside 
of the column (which is free of oil) to ob- 
tain the standing level and thus determine 
the effective air line length. Unless handled 
with great care, for relatively short dis- 
tances, there is danger of wrapping the 
sounder line around the tube line or en- 
tangling it in a “spider,” when such tube 
line supports are used. A portable air line 
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2. Collins Flow Gage With Water Manometer 


of rubber hose can be used in the normal 
well casing space when no permanent air 
line is available. As the length used can, of 
course, be measured while out of the well, 
it is only necessary to raise it 2-3 ft. after 
a measurement in the well to see if the gage 
drops an equivalent amount, thus indicating 
that the line is suspended free and not coiled 
up at an obstruction. For some hoses, stretch 
may become important when over 100 ft. 
of light air line is used. One line of single- 
ply hose (used to reduce diameter) was 
found to have a stretch of 19 ft. at 350-ft. 
suspension. Correction tables which proved 
fairly accurate were prepared for various 
lengths suspended and amounts submerged. 

The capacity cannot usually be measured 
with the same degree of accuracy as other 
valyes, but the water level sometimes cannot 
be obtained at all because of insufficient 
clearance between well casing and pump 
column, flanged column couplings, a crooked 
well, mud or debris lodged above the water 
level, water level below bowls of nearly the 
same diameter as the well casing, or baffles 
installed around the column. The drawdown 
is a measure of the performance of the well 
rather than the pump. 

Discharge head, measured by the dis- 
charge gage, is generally used rather than 
discharge level (the vertical distance from 
the pump head discharge centerline to the 
water level of the tank), which credits the 
pump with friction losses past the discharge 
gage and also the velocity head. Losses in 
suction pipe, column and head elbow are 
rarely credited, due to inaccessible gage 
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connection locations when the pump is in 
a well. Accuracy on levels is limited only by 
the accuracy of the measuring tape and the 
pressure gages, the latter being periodically 
calibrated on a dead-weight tester. 


Motor Input 


Motor input is measured from the speed 
of rotation of the meter disc and from the 
constant applying to that particular meter, 
multiplied by the constants of the potential 
and current transformers, if used. Although 
rules require the electric meters to be accu- 
rate only within 2 per cent, the average 
error will be considerably less than 1 per 
cent. Motor (and pump) speed is measured 
with a chronometric speed indicator or revo- 
lution counter and stopwatch, either through 
a hole in the motor cover or with the cover 
removed. Centrifugal type tachometers are 
only satisfactory for continuous field use if 
handled very carefully and frequently cali- 
brated. The voltage and current are meas- 
ured at the switch box, generally using a 
split-core volt-ammeter. The voltage be- 
tween phases is measured to determine if the 
motor is receiving proper potential, and the 
voltage to ground is checked to determine 
if any conductors are accidentally grounded. 
Current measurements show any possible 
current unbalance. A small current unbal- 
ance is relatively unimportant and may be 
due to voltage unbalance caused by a single- 
phase load on the same transformer bank 
which supplies the motor. Serious unbalance 
may mean damaged motor windings or an 
improper rewinding job and should be inves- 
tigated further to forestall later burnouts, as 
well as to reduce energy losses. Calculation 
of horsepower or kilowatt input from volt- 
age, split-core ammeter readings and esti- 
mation of the power factor is only relatively 
accurate and should be used merely for 
rough measurements or when the wattage 
cannot conveniently be directly measured. 


Capacity Measurement 


Capacity is measured with a pitot type 
instrument, either the Collins flow gage or 
the Hall tube described later. With a good 
piping arrangement, readings approach an 
accuracy of 3 per cent. Figure 2 shows, at 
the top, a sectional view of a Collins flow 
gage in a pipe. It can be moved to measure 
the velocity at any point across the diameter 
and during such movement has a constant 
area in the pipe so that it does not cause 
changes in velocity distribution. The Collins 
tube measures velocity by converting the 
water velocity (V), in feet per second, into 
head, in feet. One orifice faces upstream and 
produces a pressure equal to static pressure 
plus the head due to velocity (4,). The 
other orifice faces downstream and produces 
a pressure equal to static pressure minus 
the head due to velocity (h:). In the latter 
instance, all of the velocity is not converted, 
hence the constant &; used in the following 


formulas: 
ad he 
Va y zt: +) 
i - 


ve ve 
=—_—, ha = —ta 
29 29 
In Fig. 2, D is the inside pipe diameter and 
R, the inside pipe radius. 

Readings taken with the water manometer 
connected to this tube do not depend on 
measurements of static head, but the distance 
between water levels in the glasses is equal 
to nearly twice that due to the head produced 
by one orifice alone. The scale used to read 
velocity is therefore marked accordingly. 
The specific gravity of the water does not 
affect the velocity readings. Obtaining aver- 
age velocity by multiplying centerline veloc- 





ity by a constant is an extremely rough 
method, particularly with the lengths of pipe 
available at most pumping plants. It has 
been found that if fairly umiform velocity 
distribution exists (as shown), the average 
of velocities measured at two locations 
0.707R from the center on either side of the 
pipe center will give results of reasonable 
accuracy. The tube is reversible, two read 
ings are taken in each position and the aver 
age velocity is the average of four readings 
This reversal will show up, by unbalance, 
any orifice stoppage or air pocket. The 
center velocity, although not used in the cal 
culations, is also measured to give an idea 
of the shape of the velocity distribution 
curve and thus to decide whether a two 
point, three-area or five-area traverse should 
be used. For greater accuracy, readings may 
be taken at three points on each side of 
center, as shown at Fig. 2 (a), right. Thes« 
points are in three annular rings of equal 
area and the points are located, not at the 
midpoint of the ring, but so that each point 
separates the ring itself into two equal areas 
For greater accuracy, five areas (five points 
on each side of center) may be used. If re 
quired, readings can also be taken at an axis 
normal to the above points (as indicated 
by the dots in Fig. 2, right). The axes need 
not be vertical or horizontal, but at the best 
angles to survey the velocity distribution of 
the pipe. For a three-area traverse, the 
reading points are at distances 0.204D, 
0.354D and 0.456D, on either side of center. 
Five-area traverse readings are at 0.158D, 
0.274D, 0.354D, 0418D and 0.474D. Dis- 
tances are given as functions of D because 
pipe tables and measurements generally list 
diameter instead of radius. With small pipes, 
care must be taken to keep the orifice out 
of the bushing or pipe wall. 


The velocity scale is based on V = V 2gh 
but A represents nearly twice the A of an 
ordinary pitot tube (see Fig. 2). Capacity, 
in gallons per minute, equals &; 2.45 D°V 
The constant, ’s, is determined by calibra- 
tion for various pipe sizes and includes the 
correction k: and the partial effect of the 
tube area in the particular pipe size ma- 
nometers are used, and for velocities used. 
For lower velocities, 3- and 4-ft. above that 
of the latter, a vertical mercury manometer 
is employed. Pipe sizes below 3 in. are not 
desirable. Tubes are in 2-ft. and 3-ft. lengths 
in the 5/16-in. size and in lengths up to 10 
ft. or more in larger sizes. Depending on the 
tube diameter used, %- or %-in. 
(“Iron Pipe Size” standard) holes 
tapped in the pipe. 


are 


Fig. 2(a) shows the plan and elevation 
of a typical pump head and discharge pipe, 
indicating the effect of the elbow and of the 
shaft tube on velocity distribution. It is 
obvious that readings taken in the discharge 
pipe right next to the pump head will have 
a greater than normal error, which would 
be true even if three or five points were 
used. At 10 diameters past the head and at 
least 2 diameters ahead of the next obstruc- 
tion, a two-point or three-area traverse will 
generally be of ample accuracy. A typical 
example of unbalanced velocities produced 
by an elbow is illustrated in Fig. 2 (b). 
Figure 2 (c) shows why it is so difficult to 
obtain accurate flow readings past a partly 
closed valve, such as is sometimes used to 
limit pump capacity to a reduced well capac- 
ity. Although it is theoretically possible to 
obtain capacity accurately, even when a 
heavy unbalance of velocity exists, by taking 
a great number of readings on each diameter 
and by using a great number of diameters or 
axes, this method does not work in practice 
and a more suitable location had better be 
chosen. A two-point reading, using only a 
somewhat battered length of pipe tempo- 
rarily connected to an outlet valve, will pro- 
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Fig. 3. Hall Tube Connected to Mercury Manometer 


vide accuracy superior to a hundred traverse 
readings at a section with heavy unbalance. 
This statement is true of all types of pitot 
tubes, as well as of other instruments. 


Approximately one-half of the 50,000 
agricultural pumps, representing 1,000,000 
hp. of connected load on the system, are 
served by the San Joaquin Power Div. of 
the company. In this area, the Hall type of 
pitot tube is used. While the two companies 
were still separate, San Joaquin adopted the 
single-reading tube instead of the Collins 
tube. Actually both instruments in proper 
hands produce very satisfactory results. Fig- 
ure 3 shows a rough schematic cross section 
of a Hall type tube in a pipe and connected 
to an inclined mercury manometer. The tube 
shown has detachable tips covering pipe 
sizes 6-12 in. and, when placed in proper 
position in the pipe, is not moved from side 
to side or reversed. Three holes transmit 
static pressure to one side of the manometer, 
while a number of ‘holes facing the direction 
of flow average the heads produced by the 
velocities which vary from side to side 
of the pipe. The San Joaquin Power Div. 
employs a mercury manometer with this 
instrument, the manometer being inclined, 
to increase the differential reading. Several 
small spirit levels are attached to the ma- 
nometer itself. Each one, when in turn 
leveled by adjusting screws in the base, pro- 
vides a separate convenient multiplying 
factor for the mercury differential on the 
incline to obtain the vertical component. A 
water manometer can, of course, also be 
used with this tube. Velocity equals k V 2gh, 
k referring to the individual calibration of 
the specific Hall tube used. In practice, a 
scale proportional to VA is used,, and this 
reading is multiplied by the pipe area, in 
square inches. Correction for the individual 
tube and the particular pipe size and capacity 
is then made by adding or subtracting a 
value of “gpm.” determined by calibration. 
One %-in. I.P.S. hole is required. For both 
the Hall and Collins instruments it is impor- 
tant that the pipe at the point of velocity 
measurement be full, carry as little air as 


possible and be free of mud or other area 
reducing deposits or objects 

Figure 4 shows a Hall tube connected to 
an inclined mercury manometer. Note the 
shutoff cocks to prevent loss of mercury 
while connecting up, and the three valves 
to remove air from the tube. One valve is 
near each hose bib and one is on the main 
body of the tube. Also note the adjustable 
clamp to position the tube. These parts were 
omitted form Fig. 3 for simplicity and clar- 
ity. The adjustable tips are shown at upper 
right. 

A more-or-less standard type of pitot 
tube and water manometer used by the San 
Joaquin Power Div. for pipes over 12 in. in 
diameter, is shown in Fig. 5. With it, read- 
ings can be taken at three, five or more 
points on either side of center. In other divi 
sions, various lengths of standard Collins 
tubes are used for this purpose. A standard 
type of pitot tube is also supplied by Collins 
for the use of the other crews where it is not 
convenient to pass the standard Collins tube 
through both sides of the pipe. As few water 
works installations in this territory use pipes 
greater than 12 in. in diameter, these long 
tubes are employed mostly for reclamation 
and irrigation projects pumping large vol- 
umes of water through relatively small lifts. 
In this field, pipe sizes of 4 ft. and capacities 
of 40,000gpm. are encountered. Current 
meters have measured capacities of approxi- 
mately 1,000,000 gpm., representing the dis- 
charge of ten low-lift pumps. Separate pump 
capacities were determined. Measurements 
of Isilowatts, volts and amperes were made 
for each 2,300-v. motor (225-550 hp.) and 
water elevation gages were checked with a 
surveyor’s level. The company has a hy- 
draulic laboratory at Fresno—designed, built 
and operated by the San Joaquin Power Div. 

where field instruments can be tested 
against orifices, a weir and volumetric 
measurement. A motor-driven pump dis- 
charges water through selected pipe sizes. 
E. J. Griffith, Power Engr. of the Fresno 
office, has given considerable time to the 
design, construction and operation of this 
laboratory. 
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Pump Test Reports 

The pump test reports emphasize total 
lift, water pumped and horsepower or kilo 
watt input to motor to determine overall 
plant efficiency. These items, with pump 
speed, are the elements of pump and moto 
performance. The yield of the well, ex 
pressed as “gpm.” per foot of drawdown, is 
a measure of well performance which allows 
comparison with other wells in the same 
area or with the same well at other capaci 
ties 

Water temperature, in areas where suff 
cient history is available, gives some indi 
cation of which strata supply most of the 
water. A change in the temperature of a 
certain well between tests may indicate a 
loss of supply from one stratum due to well 
collapse. The use of this information re 
considerable knowledge of the spe 
Water temperatures in the com 
operation vary trom 60° to 


quires 
cific area 
pany s 
100° F 

\ combined index of pump, motor 
well performance is given by kilowatt-hours 
per 1,000 gal. of water pumped. This ratio 
is valuable in comparing pumping units on 
the same system and in estimating power 
usage for new plants 

When overhauling or new equipment is 
needed, the customer is urged to consult his 
pump dealer and well expert for final infor 
mation, as it is not the function of the 
pump tester to recommend the particular 
type, size or manufacture of equipment to 
be installed.or the specific type of overhaul 
to be performed 


area ot 


and 


Special Problems 

As motor and pump manufacturers have 
in general done an excellent job of provid 
ing information on the routine care and 
maintenance of motors and pumps, and as 
some of the larger water works organiza 
tions have engineers and maintenance men 
of great experience, only a few brief notes 
referring to special problems will be dis- 
‘ ussed 

1. The better the piping arrangement used 
for testing, the more accurate will be the 
test results 

2. The ease with which the pitot type of 
tube can be installed, the water level ob- 
tained and horsepower input measured will 
determine how much testing a crew can do 
for a customer in one day's time. Under diffi- 
cult conditions, only two tests may be made 
per day, while otherwise four to six tests 
are possible. Figure 8 shows two methods 
of discharge pipe layout which provide max 
imum accuracy and minimum test time to 
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4. Hall Tubs 


issembly 


measure capacity. Holes for the pitot tube 
are drilled by the test crew about ten 
diameters past the pump, leaving two di- 
ameters ahead of the next fitting. If the 
pipe is below ground, a permanent pit, ex- 
tending across it at least 3 ft. on either side 
(more for pipe above 12-in. diameter), to a 
depth of 6 in. below the pipe bottom and 3 


| 


Fig. 5. Pitot Tube Assembly 


ft. wide, will allow rapid instrument instal 
lation. Where adequate room exists, a head 
of perhaps 10 or 20 ft. due to water remain- 
ing in such a pipe ts not prohibitive to 
installation 

3. Mueller type cocks permanently in- 
stalled in the pipe render it unnecessary to 
shut down the pump for tube installation 
Such cocks, however, are not particularly 
desirable for measurements in small pipes 
as they generally will project into the pipe, 
causing disturbed flow. In larger pipes, great 
care should be taken in tapping and in 
installing the cock, to prevent excessive 
protrusion into the pipe. Also, where two 
cocks are used for a Collins flow gage, they 
must be in alignment 

\ water meter is of great benefit. It 

allows a check of capacity at times of the 
year when the water table may be at an 
extremely low level and the pump test crew 
is not immediately available. If several 
pumps deliver water to a master meter, the 
addition of individual meters will indicate 
the failure of one pump. The meter should 
be installed approximately where the check 
valve is installed in Fig. 6 (a) or the gate 
valve in Fig. 6 (b), and these two items 
should be moved two to five diameters far- 
ther away from the pump. Meters without 
calibration for long periods lose their ac- 
curacy, however. Often checks can be made 
simultaneously using primary measurement 
with an accurately measured reservoir, the 
Collins flow gage or Hall tube and a water 
meter 
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5. A means of access to the well casing 
should be provided either in the pump head 
base or directly under it, or, better yet, by 
means of a capped pipe, as in Fig. 6 (b) 
The pipe should be welded to the well casing 
or otherwise securely fastened and sharp 
edges smoothed. Public health agencies pre 
fer a capped pipe to an open hole in the 
pump base 

6. Where previous difficulty has been en 
countered in obtaining the water level, be 
cause of insufficient clearance, falling water 
or excessive oil on the water surface, a per 
manent air line should be installed and its 
effective length plainly marked in the pump 
house. Water conditions will dictate whether 
steel or copper is used. With copper, if com 
pression joints are used, they should also be 
soldered ; otherwise vibration may produce 
leaks, rendering the air line useless. The 
customer may desire to have a direct 
reading gage and hand pump permanently 
connected for his own readings, but the test 
crew will use their own calibrated gage 
The air line should be securely fastened so 
that the attachment of a gage will not cause 
the line to drop down the well, and it should 
be sufficiently clear of the pump head to 
allow turning the gage for connection. Ii 
water level and discharge pressure records 
are kept during the summer low period, 
the same total-head condition can be dupli 
cated in the winter—when more time is 
usually available for testing—provided that 
the discharge pressure can be raised by the 
use of a valve, or lowered by the use of a 
large drain valve, as required 

7. Information on the diameter and depth 
of each size of well casing (if more than 
one is used), the pump setting, bowl length, 
length of suction pipe and existence or ab 
sence of a strainer should be available in the 
pumphouse for the benefit of the tester in 
obtaining water levels and properly inter 
preting them. A well log, with the location 
of casing perforations, is of considerable use 
when reliably prepared 

8. Fuses should be of the proper size and 
should make good contact with the jaws. The 
overload relay mechanism should be in 
spected periodically for free movement 
which might be hindered by mud daubers 
and mechanical damage. Thermal relay 
heaters should be installed only in the size 
proper for the motor rating and the air tem 
perature where the motor is located. Motors 
under average temperature and air circula 
tion conditions can generally be safely over 
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Fig. 6. Preferred Installation Methods 





loaded 15 per cent, but when in pits or other 
confined places, even the full rated load may 
be too much for motor safety 

9. A situation exists with regard to motor 
protection which not universally under 
stood and which will, therefore, be very 
briefly covered here. Two heater elements in 
the starter will protect a three-phase motor 
against practically all fault or overload con 
ditions of excessive current occurring on the 

side of the 
certain conditions, ap 
plying to transformer connections used in 
many parts of the country, the one 
primary conductor (due to accidental break 
age) will produce a current from two t 
three times normal in one motor conductor 
and perhaps only slightly more than normal 
current in the other two conductors. If this 
heavy current occurs in the unprotected con 
ductor, as often happens, the motor 
does not stall and the current in each of the 
other two conductors is not enough to trip 
the starter motor is not protected. If 
the motor already been carrying full 
load, it will probably burn out in 20-60 
minutes; otherwise, a somewhat longer 
duration of the primary outage might be 
required for a burnout. Each year a larg¢ 
number of motor burnouts are encountered 
by the company for this reason. It not 
practical, from the standpoint of the best 
all-around service and lowest rates to the 
customer, for the company to attempt to 
provide protection against loss of a primary 
wire on the primary, high-voltage side. The 
of one water works motor could be 
very critical during the summer heavy-load 
period, not to mention the ex; of re 
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motor, or secondary power 


transformers. Under 


loss of 
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winding the motor. A thermal relay should 
be provided in the unprotected conductor 
Thermal type fuses in the switch box will 
perform the same function, but it would be 
ideal to use three thermal relays and three 
thermal fuses. Electrical dealers can rec- 
ommend the proper sizes of each 

10. Often a customer installs a new pump 
or new set of bowls with guaranteed per 
formance values and requests the company 
to make a test to determine if the guaran 
tee has been met. The company is ready to 
do so, but the tester will not advise the cus 
tomer to accept or reject the pump as a 
result of the test. Also, when comparing test 
and guaranteed values, instrument accuracy 
limits must be considered 
Summary 

1. Pump 
obtaining maximum 
efficiency with minimum energy 
minimum motor size 

2. Both Collins flow gage and Hall tubes 
in proper hands, give satisfactory accuracy 

3. Although ten diameters after and two 
diameters ahead of elbows or other flow dis 
turbers are desirable, satisfactory results 
can be obtained with half and sometimes 
one-third of these distances when care in 
positioning the instrument is exercised 

When water works customers are 

stalling new plants or revamping old ones, it 
is an excellent time to rearrange piping for 
ease of capacity measurement. When the 
pump is out of the well, it is a simple mat 
ter to provide an entrance to the casing (if 
not already there) to water levels to 
be obtained 
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5 \ water meter properly located and 
periodically calibrated is of great assistance 
in taking measurements of capacity during 
the year and shows up decreased capacity 
due to wear or lowering of the water table 

6. Where exeprience that water 
levels cannot be easily obtained by the elec- 
tric sounder, a permanent air line, properly 
measured and secured, should be supplied 


shows 


sizes and 
well and 
available 


7. Information on well casing 
depths, pump dimensions in_ the 
effective air line lengths should be 
near the pump 

8. All three motors 
important equipment as water works pumps 
three-element protection 
Gas and Electric Co 
not always able, with existing test person 
nel and equipment, to test all plants as re 
quested, particularly during the summer ir 
rigation season. Most farms cannot provide 
a place to receive pumped water during the 
winter without damage resulting, while 
most water works can easily find im 
their storage to allow pumping during the 
winter for an hour or so. Hence, it is prefer 
able to test water works pumps during the 
winter, acceptance tests being an exception 
Some larger water utilities may prefer to do 
part of their own testing 

10. Pump testing has resulted in higher 
average overall plant efficiency and has re 
duced power costs. Analysis of tests made 
for the company’s farm, water works and 
other customers, and comparisons of their 
power accounts, show that thousands of 
dollars are saved each year as a result of the 
pump testing service 
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CALCULATION OF PIPE LENGTHS FOR INCLINED DIAGONAL RUNS 


Water works men may find the following formulas imterest- 
ing and helpful in figuring lengths of pipe and tie rods on in- 


clined diagonal runs 


The formulas are also useful in finding the approximate angle 
required (when bell and spigot pipe and 
fittings are used) when the dimensions in three planes have 


of fitting, theta (@), 


been decided upon 


The evolution of the formulas (see 


quired. 


Sketch Explanatory of Formulas for Lengths of Pipe for Diagonai 


illustration) are also 
given in case the-principle of revolution to a vertical plane may 
have further advantages in similar problems. 

The subtraction of the center to end of spigot and center tc 
back of bell taken from D gives the true length of pipe re- 
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Example : 


B.—When measurements in two planes are known and angle 
f fitting (@) decided upon, then 

D= VA* + B* x Cse (0) 

C = VA*+ B’ x Cot (6) 
Let A = 8'0", B = 9'6", 
Find—C and length of pipe required on 12” 


Formula III 


Formula IV 
(0) = 45° 
line. 


D= V (8)* + (9.5)? x Cse 45° 


=-V 64+ 90.25 x 1.4142 
= 17.56’ = 176%" 
Length of pipe = D— (Cto E 
= 176%" — (2'1%") = 15'4K" 
C = V(8)* + (9.5)? x Cot 45° 


of S. +_C to B of B.) 


= Vi = 90.25 x 1 


Runs and Angie of Fittings 


A.—When measurements in three, planes are known, then 


D= VA*+ B+ C 
v A’+ B’ 
CG 
Let A= 56”, 


L (@)-""= 


Example: 


B= 3'0", 


Formula I 
Formula II 


C= °> 


Find (@) and length of pipe required on 8” line. 





D= V (5.5)? + (3)* + (14.75)? 


= V 3025 + 9 + 217.56 = 16.025’ 


— 


say 16'0” 





V (5.5)? + (3)? 





V302549 





L (@)“"= 
14.75 


V39.25 6.265 


14.75 


——_ = —— = 0.42474 


14.75 = 14.75 


L (8) = 
Length of pipe = D — 
= i 


60" — (214) = 13’ 11" 


23° + and a one-sixteenth curve 
(C to E of S. + 


Sketch Ex, 
for 


WwW. & 


= 12.42 x 1 = 1242’ = 


—-A 


lanatory of Formulas for Lengths of Pipe 


onal Runs and Angle of Fittings 
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This chart will be found useful for de- 
termining the average radius of bend that 
should be given to common forms of pipe 
bends, numbers 1, 2, 3, and 4, as shown at 
the right, column E. 

Also, knowing the radius of bend, the 
size of pipe, and the form of bend, column 
D gives expansion allowance of that bend. 

For example a 5 in. pipe was bent to a 
radius of 40 inches, the bend being a com- 
mon U-bend as shown by No. 2 in column 
E. What expansion may be allowed? 

The dotted line drawn across the chart 
shows how the chart is used. Runa straight 
line through the figure 5, column A, and 
the 40, column B, and locate the intersec- 


*Contributed by W. F. Schaphorst, M.E., 
Newark, N. J. 
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PIPE BENDING CHART’ 


tion with column C. Then from the point 
of intersection run over to the mark in 
column E opposite the figure 2 and the in- 
tersection through column D gives the 
answer as 1.5 in. expansion allowance. 

If the size of pipe were the same, 5 
inches, the average radius 40 inches and 
the bend were a “No. 4” bend, the expan- 
sion allowance would be 3.7 inches. If the 
bend were a “No. 1” bend the expansion 
allowance would be 0.75 in. 

Similarly if the expansion allowance is 
already known, if the form of bend is 
known, and if the size of pipe is known, 
the average radius to which the bend 
should be made may be determined. In 
other words, knowing any three of the 
four factors given in columns A, B, D and 
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E the fourth or unknown factor is easily 
determined by following the method as 
explained above. 

The chart is based upon these rules: 

For Bend No. 1—Square the average 
radius of bend in inches and multiply by 
0.0026 and then divide by the outside diam- 
eter of the pipe in inches. 

Bend No. 2—Same as No. 1 but multiply 
by 0.0052. 

Bend No. 3—Same as No. 1 but multiply 
by 0.0104. 

Bend No. 4—Same as No. 1 but multiply 
by 0.013. 

In the chart all of these operations are 
already performed—the radii are squared, 
exact outside pipe diameters are empivyed, 
and the proper factors are used. 
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WATER USE BY AIR-CONDITIONING EQUIPMENT’ 


ECAUSE of the growth of the air- 

conditioning industry, water use by 
air-conditioning equipment has become in- 
creasingly significant. Some municipalities 
have been forced to invoke restrictive meas- 
ures; others may soon find they must take 
similar steps; but still others may never 
find it necessary to follow this course. It is 
therefore appropriate to take a clear view 
of the subject at this time in order to eval 
uate its importance and study corrective 
measures if applicable. 

The term “subject” is used rather than 
“problem” because the consumption of water 
by air-conditioning equipment is not neces 
sarily a problem unless local factors mak« 
it one. A study of this water usage should be 
entirely local in scope, and since so many 
local conditions complicate or simplify the 
problem, this discussion will, of necessity, 
be held to generalities, with no attempt be 
ing made to recommend procedure for 
purely local situations. 


Condensers 

All air-conditioning systems employing 
mechanical refrigeration require some means 
of cooling the compressed refrigerant gas 
in order to condense it back to the liquid 
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Fig. 1. Atmospheric Cooling Tower 
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yf the most popular methods is 
air-cooled condenser, but un- 
so low 


state. One « 
the use of the 
fortunately its overall efficiency is 
that it is not generally practical except in 
very small installations. 

On larger installations, it is quite common 
to use a water-cooled condenser, employing 
the public water supply as the cooling me- 
dium. This device usually consists of a 
shell-and-coil type of heat exchanger, with 
water passing through the coil and cooling 
the refrigerant gas which comes in contact 
with the outside of the coil. In this process, 
the temperature of the water is raised to a 
point at which it is no longer useful as a 
cooling agent and must be rejected in favor 
of water at a lower temperature. There is 
obviously a continuous flow of water 
through the condenser while the equipment 
is in operation, amounting to approximately 
1.5-2.5 gpm. per compressor horsepower at 
full load. It is apparent that this method can 
result in the wasting of large quantities of 
water which has undergone no other change 
than that of a 15-20°F. rise in temperature. 
For example, a 10-hp. air-conditioning com- 
pressor, using city water at the rate of 2.0 
gpm. per horsepower, consumes 20 gpm., 
1,200 gph. and 9,600 gal. or 1,270 cu.ft. per 
eight-hour day. These figures may not be 
impressive to those accustomed to thinking 
in terms of millions of gallons per day, but 
with a multiplicity of installations, the water 
consumed can become a significant load on 
“Reprinted from JAWWA, Vol. 41, p. 437 by 
permission. 


LEWIS L. BARNES 
Chief Engineer 
Carrier Atlanta Corp., Atlanta, Ga 
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Fig. 2. Induced-Draft Cooling Tower 


the city water mains. Whether this load is 
desirable or undesirable depends on local 
conditions, but it must be borne in mind 
that it generally occurs during the summer 
months and may coincide with other peaks. 

The air-conditioning installation just de- 
scribed is relatively low in initial cost to the 
owner, but, depending on local water rates, 
could be quite expensive to operate because 
of the high water consumption. Installations 
of this type are usually equipped with an 
automatic water-regulating valve to insure 
against using more water than is required 
under less than the maximum load. It has 
been the author’s experience that these 

valves are adequate for adjusting water flow 

to meet load conditions but should not be 
relied on to effect complete closure during 
shut-down periods. It must not be over- 
looked that, in certain localities, the disposal 
of waste condenser water constitutes just as 
great a problem as does the supply of this 
water in other localities. 

The wasting of condenser water could 
sometimes be objectionable on account of 
inadequate supply or disposal facilities, high 
costs, high initial temperatures, poor chem- 
ical characteristics and other factors. It is 
well to consider, therefore, some of the 
most common means of combating this prob- 
lem. 


Conservation Devices 

The water-cooled condenser described 
previously can be used in conjunction with 
a cooling tower or spray pond, which, if 
properly designed and installed, can recap- 
ture approximately 95 per cent of the water 
otherwise wasted. This saving is accom- 
plished by re-cooling the warm water dis- 
charged from the condenser and returning it 
to the condenser by means of a circulating 
pump. 

The atmospheric cooling tower (Fig. 1) 
depends entirely on natural wind and air 
currents to cool the condenser water effec- 
tively. It is suitable for location only in 
places where free and unobstructed air flow 
is available. Many installations of this type 
have failed to produce the desired results 
because the tower was located in a light 
court or on the lee side of some obstruction. 

The induced-draft cooling tower (Fig. 2) 
is equipped with a motor-driven fan to cre- 
ate its own draft. This type can be located 
in many positions which would be unsuitable 
for the atmospheric tower, but obviously its 
initial cost is greater. 
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Fig. 3. Spray Pond 


The spray pond (Fig. 3), commonly used 
as a water conservation device, has certain 
advantages as well as disadvantages when 
compared with cooling towers. Job condi- 
tions should govern the choice. 

The cooling towers and spray pond will 
perform the desired task of water cooling 
with varying degrees of efficiency, depending 
conditions. They are all readily 
existing water-cooled installa- 
adaptation usually consisting 
of simple piping changes and the addition 
of a circulating pump. It should be remem- 
bered that the addition of the water-circulat- 
ing pump will increase the use of power, a 
fact which must be considered when evalu- 
ating operating costs. 

The evaporative condenser (Fig. 4) is 
one of the most efficient means of condensing 
with minimum water requirements. In this 
device, the refrigerant gas is cooled directly 
by a combination of air and spray water 
passing over the condensing coil. Only one 
heat transfer is necessary (gas to water and 
air), as contrasted with the cooling tower 
or spray pond, which require two heat trans 
fers (gas to water, and water to air). The 
evaporative condenser is very compact and 
frequently can be placed in locations which 
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Fig. 4. Evaporative Condenser 


are not practical for cooling-tower installa- 
tions. On new installations, the evaporative 
condenser compares favorably in first cost 
with cooling towers and spray ponds. If 
water-conserving equipment is to be applied 
to existing water-cooled equipment, the 
cooling tower is usually cheaper than the 
evaporative condenser, in that the tower 
installation continues to utilize the existing 
water-cooled condenser. 

From the viewpoint of those in the busi- 
ness of supplying water, the subject can be 
summarized by stating that: 

1. The water load imposed by air-condi- 
tioning equipment can be attractive to those 
systems which have ample water for sale 
during the summer months. 

2. This load can be unattractive to those 
systems which have a deficiency of water in 
the summer if the return from water sales 
will not justify additional investment in 
plant or distribution facilities. 

Water systems which cannot stand this 
load imposition must work out the problem 
through local channels. Some cities have 
been forced to invoke restrictive ordinances 
to prohibit the indiscriminate wasting of 
water. All ordinances of this nature should 
be flexible enough to prevent undue hardship. 
Some thought should be given to the possi- 
bility of instituting demand charges to com- 
pensate for the standby facilities when no 
water is being used. 
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THE ANTHRACITE EQUIPMENT CORP. 


Anthracite Institute Building 
WILKES-BARRE, PENNA. 


ANTHRAFILT — an Improved Filter Medium 


Trede Mark Reg. U. &. Pat. Of. 
Address sales and technical inquiries to 
Palmer Filter Equipment Company, 822 E. 8th St., Erie, Penna. 


Anthrafilt and Its Application 


Anthrafilt is made from a selected Pennsylvania anthracite 
which has been cleaned so as to have a minimum ash. This 
cleaned anthracite is then screened and classified hydrauli- 
cally to yield sizes suitable for filter purposes. 


Anthrafilt is used as a mechanical aggregate in place of 
sand and gravel in all kinds of filters, i.e. 


Slow filters 
Pressure filters 

Oil removal filters 
Alkali filters 

Acid filters 

Sewage sludge-beds 
Household filters 


Rapid gravity filters 

Swimming pool filters 

Hot process softening filters 

Cold process softening filters 

Mechanical sewage filters 

Revolving screen filters 

Portable filters 

The entire filter bed may be made up of Anthrafilt of 
various sizes or only the top layer may be of Anthrafilt over 
the usual bed of gravel. 


Advantages of Anthrafilt 


High Filtration Rate: Rates up to 200 mgad are obtainable 
with Anthrafilt without sacrifice of effluent quality. The ac- 
cepted average rate with sand is 125 mgad 


Leng Filter Runs: The larger, irregular Anthrafilt grains 
allow less clogging with algae or other fibrous substances 
The angular grain surfaces provide greater entrapping areas 
for the removal of turbidity and bacteria. The differences 
in shape and specific gravity of the grains, by decreasing 
classification after back washing, allow the whole depth of 
the filter bed to be active in the filter operation. 


Low Wash Water Costs: The long filter runs and conse- 
quent less frequent washing and the low degree of packing 
after back washing combine to cut the usual wash water 
requirements at least in half. 

No Cementing with Lime, Manganese or Iron: Lime will 
coat on Anthrafilt but this coating readily flakes off without 
any cementing action if filters are properly operated. Man- 
ganese and iron salts precipitated on Anthrafilt by the lime 
treatment are easily removed by back washing. 

High Degree of Expansion: 50% expansion is obtained with 
half the back wash velocity required for sand. 

Coarse Sizes Can Be Used: The irregular shape and natural 
filtration characteristics permit the use of much larger sizes 
with equal results. 

Gravel Beds Stay Flat: No ridging or mounding and less 
cracking and pulling away from side walls during operation. 
Low First Cost: Lighter weight per unit volume balances 
the cost differential between Anthracite and sand and saves 
on freight and handling charges. 


Filtration Characteristics 


Anthracite granules are irregular shaped and of varying 
densities. Weights run about 53 pounds per cubic foot as 
against 100 pounds for sand. The irregular shapes provide 
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greater porosity resulting in more rapid filtration with no 
loss in character of effluent and with considerably less loss 
of head. 


The variable densities of Anthrafilt particles cause less classi- 
fication after back washing and the lighter, irregular shapes 
allow easier expansion and more effective cleaning. 


The greater bulk of Anthrafilt requires less tonnage per 
filter bed. Attrition losses amount to less than 0.25% per year. 


Anthrafilt successfully removes lime, iron and manganese 
salts and will not form a permanent coating under proper 
conditions of treatment and filter operation. Lime flakes off 
easily without cementing and the iron and manganese salts 
are readily removed by back washing. Oil is easily removed 
from boiler water after coagulation with ferric sulphate, 
ferrous sulphate or alum. Anthrafilt can also be used for the 
filtration of acetic and sulphuric acids and caustic soda solu- 
tions. Being insoluble in alkaline waters, Anthrafilt produces 
silica-free water in hot process water softening. 











Upward impulses of water produces greater agitation of angular 
grains, hence Anthrafilt beds are cleaned more effectively. 


Anthrafilt No. 1 is usually made in sizes ranging from effec- 
tixe size of 60 m.m. to 80 m.m. the uniformity coefficient is 
less than 1.75 in all sises. We can make smaller sizes or 
larger sizes, but for special cases only. The remaining sizes 
of Anthrafilt are as follows: 


No. 2. Anthrafilt—3/32"x3/ 16" 

No. 3. Anthrafilt—3/16"x5/16” 

No. 4. Anthrafilt—5/16"x9/16" 

No. 5. Anthrafilt—9/16"x13/16" 

No. 6. Anthrafilt—13/16"x1-5/8" 

No. 7. Anthrafilt—1-5/8"x2-7/16" 
The above sizes have 20% tolerance. 


ANTHRAFILT ECONOMY 
When Used in Existing Filtration Plants 


Increased capacity with same plant 

Decreased volume of wash water 

Lower maintenance cost through elimination of ridging 
mounding and air binding. 


When Used in New Filtration Plants 


Lower plant investment 
Lower cost per cubic yard 
Lower wash water costs 
Lower maintenance costs 





RAPID SAND FILTER DESIGN AND MAINTENANCE* 


VV: WED from a _ purely elemental 
standpoint, the essential parts of any 
rapid sand filter follows 
1. Filter box 
Underdrait 
Filter media 
Wash water troughs and gullets 
Pipe gallery, consisting of 
a. Influent valve and piping 
b. Effluent valve and piping 
c. Waste valve and piping 
d. Wash water valve and piping 
e. Rewash valve and piping 
f. Rate of flow controller 
g. Rate of flow gage mechanism 
h. Loss of head gage mechanism 
6. Wash water tank or pump 
7. Wash water rate controller 
8. Surface washing systen 
). Clear-well 
The detailed 
part as listed above, as well as the 
design of the plant as a whole will 
on the total filtering capacity desired, on the 
type water to be treated, on the type treat 
ment the water is to prior to filtra 
tion, and to other local considerations. The 
principles governing detailed designs 
well established, and it is, of 
course, the design engineer's responsibility 
to meet the local needs. While it is not 
in the province of this paper to discuss 
detailed designs, the writer would like to 
offer a few observations which, in his opi 
have a direct bearing on the mainte 
and operation of the plant. It is 
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*A paper read before the T & Sewage 


Works Short School 


A. H. ULLRICH 
Superintendent 


Water and Sewage Treatment, Austin, Tex 


freely admitted that some of the observa 
tions on design which follow may contain 
a few personal beliefs and prejudices. They 
are given, however, in the hope that an 
instructive open discussion may follow 


Filter Boxes 

The maximum capacity to be 
provided will, of course, determine the 
total cross-sectional area which the filters 
must have. If we assume a standard filter- 
ing rate of two gallons per square foot of 
filter area per minute and must provide a 
given number of gallons of filtered water 
per minute, then it is a simple matter to 
arrive at the required total filter area. The 
important decision which the design engi- 
neer must make is into how many units to 
divide the required area, His decision should 
be based on a balance of economy of design 
as against flexibility of operation. The 
writer believes that even the smallest plants 
should have at least two filter units, so 
that unit may be taken out of service 
for repairs while the other unit is still 
in operation. In designing filters for larger 
plants, the design engineer must balance the 
cost of not only the filter boxes but also 
the cost of the control valves and piping, 
rate of flow controllers, wash water facili- 
ties and other appurtenances, against flex 
ibility of operation. Another factor to con 
sider is that if the plant is ever expected to 
expand, any additional units that are added 
will almost of necessity be of the same size 
as the original units unless separate wash 
water and waste facilities are provided. 

Incidentally, in recent years some of us 
had to exceed by a material margin 


filtering 


one 


nave 


former standard filtering rate of two 
per square foot of filter area pet 
minute. While this higher rate has proven 
to be safe practice where we have main 
tained an applied water of good quality and 
have maintained our filter beds in good 
condition, it is our opinion that the two 
gallon rate is still sound practice in new 
plant design This conservative design 
will provide an added factor of safety 
should the plant be required to take on an 
increased load it can be expanded 
Such has been proven during both 
World Wars during World 
War Il 


Filter Underdrain System 

Some time ago a representative of a filter 
equipment manufacturer informed us that 
his firm had devised the perfect underdrain 
system. Perhaps we operators are looking 
for the impossible, but it is nice to dream of 
perfect underdrain systems. However, we 
doubt that any truly perfect has been built 
as of the present writing. 

In Austin we now have in use three dif 
ferent types of underdrain systems ; namely, 
Infilco’s Wagner Blocks, Builder's mani 
fold and lateral system using coarse media 
between the laterals, and Carborundum 
Co.’s “.Aloxite” brand porous plates. Since 
Austin has practiced lime softening without 
recarbonation for over twenty years, and 
is still using this method of treatment, there 
is considerable incrustation of the filter 
media as well as the underdrain system 
[his probably requires us to carry on a 
more extensive filter maintenance program 
than would otherwise be required. But such 
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Addition of a 3,000,000 Gal. Clear-Well to the 800,000 Gal. Clear-W ell at the Austin Plant. 
An important addition to increase flexibility of plant operation and smooth out load fluctuations on the filters and chemical treat- 
ment facilities. 
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Bottom of Filter Box—First Stage 
Before pouring piers to support porous filter 
bottom plates. Note supporting angle iron 

around walls. 


maintenance work has other distinct ad- 
vantages, and, in addition, gives us a pretty 
good opportunity for studying different 
types of filter construction. In our plant 
we have had very good service from both 
the Wagner Block type underdrain and 


Builder’s conventional manifold and lateral 


system. The chief objection to both of 
these types of underdrain is that various 
sizes of coarse media are still required to 
support the fine material, and the coarse 
particles have a habit of getting mixed with 
the fine particles. All of you have probably 
had the experience of having fine material 
work down into the coarse material and 
have, no doubt, even had it work down 
into the laterals of some filters. Also, if 
any work is done on the filter bed, it is very 
difficult to keep the various sizes from get- 
ting mixed. If for any reason the filter 
media must be removed for work on the 
underdrain system, then it must be regraded 
before it can be returned to the filter box. 
This, as you who have experience know, 
is a tedious and expensive job. 

The porous plate type underdrain elim- 
inates the mixing of the various sizes of 
media since only the fine grade of media 
is required. Such a filter bed will with- 
stand more abuse from air binding, and 
resulting explosive wash, and excessive 
filter runs, without permanent damage to 
the bed. Also, if it is desired to clean the 
filter bed, it can be vigorously agitated with 
water or air or both, or it can be shoveled 
back and forth in the filter box. Before 
becoming associated with the Austin plant, 
the writer had excellent results from the 
use of porous bottom plates at Fort Smith, 
Arkansas, where a soft mountain lake water 
was coagulated, settled, and filtered. The 
Austin plant had two porous plate bottom 
filters when the writer became associated 
with it something over a year ago, and we 
installed three additional porous plate filters 
in 1948. Because of the carbonate incrusta- 
tion obtained with our present method of 
treating, it appears likely that we will be 
required to clean the plates with muriatic 


acid at some as yet undetermined intervals. 
We cleaned the plates in the two original 
porous plate filters with muriatic acid last 
spring, merely as a safety factor for last 
summer's load. These are outside filters and 
were not originally equipped with loss of 
head and rate of flow gages. Since we are 
just now getting them so equipped, we 
have not been able to record any material 
increase in the loss of head through the 
plates. At the present time it appears that 
carbonate incrustation will not be a serious 
problem, because our experience last year 
demonstrated the ease with which the plates 
can be uncovered, treated with muriatic 
acid, washed, and the filter returned to 
service. The cleaning procedure was to 
shovel all the filter media from one end of 
the filter to the other, treat the exposed 
plates, wash the filter, and repeat the pro- 
cedure for the other end. 


Filter Media 


While the title of this paper is “Rapid 
Sand Filter Design and Maintenance,” a 
more appropriate title would probably be 
“The Design and Maintenance of Rapid 
Filters.” As all of you know, many plants 
now use “Anthrafilt” instead of sand for 
the fine media; and, many plants also use 
coarse anthrafilt instead of gravel for the 
coarse supporting material. “Anthrafilt” is, 
of course, the trade name of the filter media 
prepared from crushed and graded anthra- 
cite coal. Opinions are still divided as to 
the relative merits of sand and “Anthrafilt,” 
probably because each seems to have a def- 
inite field in which it excels. The writer 
has had excellent results using sand with 
an effective size of approximately 0.45 mm. 
in filtering soft, coagulated, and settled 
water where the chief problem was removal 
of colloidal clay and color. It is doubtful 
that the standard “Anthrafilt” which has an 
effective size of 0.60-0.80 mm. would have 
given equally good results. In the Austin 
plant, we are using standard “Anthrafilt” 
for filtering lime softened and settled water 
and are obtaining good results. The material 
which we are using has an effective size 
of 0.60-0.80 mm., and it is probable that 
sand with a similar effective size would 
also give good results. One of the chief and 
valid arguments for the use of “Anthrafilt” 
is that its specific gravity is less than that 
of sand and, therefore, the wash water rise 
required for adequate bed expansion is less 
for “Anthrafilt.” In Austin where we have 
incrustation of the media particles, the im- 
portance of this factor is reduced because 
the calcium carbonate film which forms on 





the surface of each particle increases the 
specific gravity of the “Anthrafilt” particle. 
We have found that in some of our older 
filter beds the fine “Anthrafilt” carried a 
coating of calcium carbonate which was as 
high as 75% of the total weight of the 
media, but was still doing a good job. 

The writer’s experience, so far, indicates 
that when using sand an effective size of 
from 0.40 mm. to 0.50 mm. probably makes 
the best filter media for use with soft water 
which is difficult to coagulate and settle. 
Highly turbid waters and waters containing 
colloidal clay and color probably come in 
this category also. On the other hand, the 
larger “Anthrafilt” seems to have an ad- 
vantage where lime softened water or water 
which is easily coagulated and settled is to 
be filtered. 


Air Binding and Bed Cracking 


The type of water which results from 
the preparation given it ahead of the filters 
will determine the best methods of opera- 
tion and maintenance to employ in keeping 
our filter beds in first class condition. Soft 
waters, high in colloidal clay, color, or 
algae concentrations, are sometimes difficult 
to coagulate and settle, and the resulting 
excessive floc carry over may cause rapid 
filter clogging. If filters are permitted to 
become too dirty, the fine media will prob- 
ably develop cracks and will likely pull 
away from the filter box walls. This will 
permit floc to penetrate the beds so deeply 
that it will become difficult to wash the 
filters clean. Also, if the surfaces of the 
beds become badly clogged, the filters will 
often become air bound. When a filter with 
a tightly packed surface layer and air in the 
underdrain and lower layers is washed, 
there is excellent opportunity for disrupting 
the entire bed, resulting in mixing the sand 
and gravel or the coarse “Anthrafilt” with 
the fine. The writer believes that, if at all 
possible, filters should always be washed 
before there is any appreciable amount of 
air binding. If air binding does begin to 
show up in the filters, then it is good prac- 
tice to reduce the length of filter runs and 
establish a lower loss of head for filter 
washing. If there is appreciable air bind- 
ing, the filter should be removed from serv- 
ice and the air permitted to escape as much 
as possible before turning in the wash 
water. If the air will not escape rapidly 
enough after the water level is lowered on 
the bed, then it should be worked out slowly 
by just “cracking” the wash water valve 
before washing. 


Bottom of Filter Boxz—Third Stage 


~ 
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Completed concrete piers ready for placement of porous bottom plates. 
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Bottom of Filter Box—Second Stage 
Forms in place for pouring concrete piers. 


Length of Filter Runs 


In lime softening plants, and in other 
plants where a very clear applied water is 
often obtainable, it may be possible to keep 
filters in operation for long periods between 
washings without air binding, without ap- 
preciable loss of head build-up, and with- 
out a drop in the rate of flow. How long a 
filter should be operated thus, with a clear 
applied water, will depend on local condi- 
tions. In Austin, where we filter an in- 
crusting water, we now feel that excessively 
long filter runs cause binding and lumping 
of the filter media. In other words, we be- 
lieve that if the filter bed is not agitated 
and washed often enough, the sand or 
“Anthrafilt” particles will become cemented 
together by the incrusting material so that 
washing will not completely break them 
apart. We have not yet arrived at what 
we believe the maximum filter run should 
be in our case, but it now appears that it 
will not be in excess of 72 hours. We have 
three new filters which will be used for the 
first time this year, and we plan to place 
each on a different maximum run schedule 
to try to determine the maximum safe run. 

The length of filter runs to be used at a 
given plant involves the type and quality 
of applied water which can be obtained at 
the plant. Obviously, the filter runs should 
also vary with variations in the quality of 
the applied water as well as with variations 
in the filtering rate. Filter wash water 
costs money; and, good practice dictates 


that we make our filter runs as long as 
possible without endangering the quality of 
our effluent or cause damage to our filter 
beds. In this connection, we should remem- 
ber that filters are installed for the purpose 
of removing impurities which are not re 
moved by prior treatment. If excessive filter 
runs tend to defeat this purpose, either be 
cause of damage to the beds or because of 
deterioration of accumulated organic mat 
ter, then we need to shorten our runs 
Likewise, if our filter beds have been in 
service so long that they will no longer 
function satisfactorily, then they should be 
replaced with new material 


Wash Water Troughs and Gullets 

The design of wash water troughs and 
guilets has become so well standardized 
that they are mentioned here only in pass- 
ing as being necessary parts of a filter. 
However, there is reason to believe that 
study might be given to the arrangement 
of the troughs, looking toward improved 
filter washing. 


Pipe Gallery 

In designing a filter pipe gallery, special 
care should be exercised by the design engi- 
neer to provide ample room for ready 
access to all valves, rate controllers, loss of 
head and rate of flow gages, so that they 
may be easily inspected, maintained, and 
repaired. The installation of filter control 
valves should be made under careful in- 
spection, as the writer has known of hori- 
zontal valves being installed upside down 
and vertical valves with downstream guides 
being installed backwards. 

The writer believes it to be good practice 
to provide adequate lighting in the pipe 
gallery—even to painting the walls and ceil- 
ing white—in order to encourage good 
maintenance of the control valves, control- 
lers, gages, and other equipment. Where 
hydraulic filter control valves are used, care 
should be exercised in selecting the best 
possible packing. It is difficult to stop leak- 
age with poor packing, and there is danger 
of scarring the valve stems and of causing 
sluggish valve operation if the packing is 

too tight. 


Wash Water Tank or Pump 

The design engineer must exercise his 
judgment as to whether to provide a wash 
water tank or a pump. The writer has 
always been prejudiced in favor of a tank, 
but he realizes that a properly designed 
pump can do an adequate job. Backwash- 
ing with water from a force main through 
pressure reducing valve has usually not been 
successful, even in small plants. Where wash 
water tanks are provided, it is usually 
good economy to install a low head pump 
for pumping water into the tank and also to 
provide a standby connection from a force 
main for use in case of pump failure. 


Wash Water Rate Controller 
Wash water rate controllers are helpful 





Bottom of Filter Box—Final Stage 
Completing the porous bottom by bolting 
down the plates and pointing up spaces be- 

tween plate edges. 


in assuring a uniform washing rate. If 
properly adjusted and in good working 
order, they are a good protection to the 
filter bed. 


Surface Washing System 


Perhaps one of the best investments that 
a filter plant can make for protection of 
the filter bed is the installation of a well- 
designed surface washing system in each 
filter. The writer knows of no better method 
for keeping filter beds clean and for elimin- 
ating mud ball formation than the proper 
use of a good surface washing system. 
Either the patented Palmer “Filter Sweep” 
or the Baylis stationary type surface wash 
system will give good results. 


Clear Well 


Aside from meeting Fire Underwriters’ 
requirements in filtered water storage 
capacity, the clear well capacity should be 
sufficient to give maximum flexibility to the 
plant. From a plant operation standpoint 
the ideal clear well should be large enough 
to permit the entire plant to operate at a 
fairly uniform rate during each twenty-four 
hour period. The nearer this ideal is ap- 
proached, the nearer will the entire plant be 
in position to operate at maximum capacity. 
It is because of this that the Austin clear 
well is being substantially enlarged at this 
writing. 


W. & S. W.— Rererence & Data — 1950 








FILTER SAND SPECIFICATIONS* 


The original work on filter sand was 
done by the late Allen Hazen about 1890 
Hazen introduced the terms “effective size” 
and “uniformity coefficient” which are in 
use today. As Baylis has pointed out, 
however, Hazen’s work was primarily 
applicable to “slow” rather than to “rapid” 
sand filters. 

Sand employed in the former was often 
unwashed and ungraded and hence con- 
tained a relatively high per cent of “fines” 
and the sizes extended over a wide range. 
It was not uncommon to have an effec- 
tive size as low as 0.2 mm. with a uni- 
formity coefficient of 3.0 or higher. 

With these conditions, Hazen found 
that the fine sand (0 to 10 per cent) had 
about as much effect upon filtration effi- 
ciency as practically all the other sizes 
combined. 

Today, the “fines” (retained on 150, 100 
and 65 mesh), as well as the coarse sand 
(retained on 12 and 14 mesh screens) are 
eliminated by the producer through wash- 
ing and screening. Under these circum- 
stances, effective size and uniformity co- 
efficient lose much of their original sig- 
nificance. 

There are two screen scales available. 
The clear opening between meshes of the 
“square root of 2 series” increases in the 
ratio of 1.414. This is entirely adequate 
for filter sand analysis. The greater re- 
finement‘ enabled by the “fourth root of 2 
series” (1.189) is not warranted 


According to the theory of hydraulic 


subsidence, backwashing should grade 
sands within a layer, leaving the coarsest 
material at the bottom and the finest at the 
top. 


Filter Sand Requirements 


A filter sand should be used which will 
produce a clear and sparkling effluent 
free from coagulant—under the worst 
rather than average fodnditions of floc for- 
mation. The poorest coagulation is gen- 
erally experienced during the fall season 

Filter sand should also completely pre- 
vent the passage of activated carbon when 
this is applied to the top of the layer 
This important qualification has arisen 
only within the past several years 


Effect of Fine Sand on Clarity of Effluent 


Repeated instances have shown that 
when 35 (and some 48) mesh sand was 
added to either pressure or gravity filters 
deficient in these sizes, immediate improve- 
ment in the clarity of the effluent was 
noted. This led to the author's firm con- 
viction that fine sand is essential to the 
production of a finished water with a tur- 
hidity comparable to distilled water 

Although fine sand will undoubtedly 
sive a shorter filter run than coarse, this 
is partly due to the removal of a greater 
per cent of suspended matter from the 
treated water. Long filter runs are more 
dependent upon the design and efficiency 
of the mixing basin and the retention 
period of the sedimentation basin than 
wpon the*size of sand employed 

The loss of head through e'ther fine 
or coarse sand takes place principally at 

*An abstract of an article on ‘Filter 
Sand” which appeared in the January issue 
of the Jour. AWWA, p, 121, 1940. 
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N PAGE 218 of the July, 1945, 
issue of Water Works & Sewerage 
there appeared an article on Filter Sand 
Grading. Written by J. Tarrant of 
Ruislip, England, the article contained 
a nomograph relating uniformity coeffi- 
cient, effective size and mesh size. 
Following the publication of this ar 
ticle, Cecil Calvert, Supt. of Filtration, 
Indianapolis Water Co., wrote to say 
that his company had used the specifica 
tions proposed by the author in 1939 
and had found them completely 
factory In view of this comment 
the editors of Water & Sewage Works 
asked the author to abstract his orig- 
inal article «/AIVWA 32, 121, 1940) 
for use as Reference and Data material 
The original article was developed 
from a study of filter sand, filter sand 
classification, effect of wash water rise, 
and location of was water troughs at 
six filter plants, as well as the theory 
of filter bed expansion, and sand speci- 
fications 
For the present purpose, it is only 
necessary to abstract the information 
and data on sand classification together 
with the filter sand specifications the 
author proposed at that time, as a result 
of those studies 
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the surface as is shown by the complete 
recovery of a slow sand filter after skim- 
ming 

From both theoretical and practical 
considerations, all 65 mesh sand should 
he exc'uded, or, in other words, the “finest” 
sand which can be maintained in a layer 
at SO per cent expansion is the 48 mesh 
size 


Stratification of Filter Sand 


Table I gives the results of analyses 
of samples collected at the Danbury, Conn., 
plant. The amount of sand retained on 
the 65 and 14 mesh sieves was less than 
1 per cent, which, for practical purposes, 
may be disregarded. The significant 
amounts in all filter sand analyses are those 
retained on the four sieves: 20, 28, 35 and 


A8& mesh 


individual anal- 
cent retained” 
From the latter 


This table lists seven 
yses, each showing “per 
and “per cent passing.” 


values have been computed the “effective 
size” and “uniformity coefficient” found in 
each stratum. 

The top % in. layer of sand contained ap 
proximately 80 per cent of 48 mesh and 
20 per cent of 35 mesh sand. The effec 
tive size for this stratum was 0.35 mm 
and the uniformity coefficient 1.17. Most 
of the stratification took place within the 
top 2 in. although a definite gradation 
in both 48 and 28 mesh sizes 1s also seen 
from top to bottom. This filter showed 
the best hydraulic grading of those 
sampled, though mud balls were present 
at all depths. The author considers this 
an ideal grading, and the presence of the 
large per cent of 48 mesh on top of the 
filter gives excellent reduction in turbid- 
ity. 

The results of Mamaroneck, N. Y., 
samplings show this sand had an effec- 
tive size of 0.45 mm. and a uniformity 
coefficient of 1.32, and is well adapted to 
good filtration. Practically all stratifica- 
tion took place within the top 2 in., which 
is the region mainly responsible for the 
removal of floc and turbidity. The per 
cent of 48 and 20 mesh was small, and 
the sand was roughly two-thirds 35 mesh 
and one-third 28 mesh 

At Nyack, N. Y., the per cent of 
48 mesh was low, but the bulk of this was 
found in the top 2 in. and practically all 
in the top 6 in. The stratification of the 
35 mesh is evident only in the top 2 in 
A small per cent of 20 and 14 mesh sands 
were present and these were uniformly 
distributed from 2 in. below the top to 
the bottom. This demonstrates in general 
the advisability of excluding if possible 
the 14 and perhaps 20 mesh sand entirely. 
The effective size of the entire layer was 
0.50 mm. and the uniformity coefficient 
1.38. Since the placement of this com- 
bination of sand sizes, the filter has con- 
sistently produced an effluent with tur- 
bidity quite comparable to distilled water 
and has not permitted the passage of any 
carbon applied to. the top of the filter, 
when applied one-half hour after back- 
washing. 

At Ossining, N. Y., little stratification 
was evident. The proportion of 20 mesh 
sand (which was low in the previous 
filters) was relatively high in this filter. 
Two inches of fine sand (35 and 48 mesh) 
were added and resulted in a lowering of 


TABLE I 


Analyses of Sand Filter No. 5, West Lake Plant, Danbury, Conn., 
August 11, 1939 


_ — —-——-Depth in Layer-—————____ 


2”.6" 6”-127 


0”-%” 2 
Per cent Per cent 


Per cent 


Per cent 


Effective 
Size—mm 35 
Uniformity 
Coefficient 1.17 
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Comparison of Filter Sands Experiment 


turbidity of the effluent from 0.4—0.5 to 
0.0—9.2 ppm 


At Larchmont, N. Y., the hydraulic 
grading was very good, but contrary to 
the preceding findings, the coarsest sand 
(28 and 20 mesh) was found at the top, 
and the finest sand (35 mesh) was pre- 
dominant at the bottom of the layer. This 
sand was jet black and coated with 12 
per cent of manganese, oxide, computed 
as Mn. The specific gravity was deter- 
mined for the 35 and 28 mesh sands re- 
spectively, and it was found that the larger 
sizes were lower in weight per unit vol- 
ume than the smaller sizes due to the 
build-up of the porous coating. The effect 
of density was sufficient to cause complete 
reversal of normal hydraulic subsidence, 
but this is in accordance with Stokes’ law, 
which states that the rate of subsidence 
is proportional to the square of the diam- 
eter and to the difference between the 
specific gravity of sand and water. This 
filter, however, functions as a contact 
layer for removal Of manganese as well 
as for filtration. 

The Highbridge Pool filter was sampled 
since the lip of the wash water trough 
is 54 in. above the top of the sand, which 
is approximately twice the conventional 
distance. Here we note a relatively large 
per cent of 20 mesh and a reduction in 
the 35 and 48 mesh sizes. This naturally 
greatly increases the uniformity coefficient 
No stratification existed below the 2-in. 
depth. 

Comparison. of Filter Sands Studied 


Fig. 1 shows a comparison of all filter 
sands examined. Effective sizes ranged 
from 0.38 to 0.54 and uniformity coefficients 
from 1.32 to 1.67. The Danbury filter, 
with low effective size and uniformity 
coefficient, showed the best stratification 
The stratification at Nyack was better than 
at Ossining, which may be due to the use 
of three sizes of sand at the Ossining 
plant as compared with practically two 
sizes at Nyack 


Comparison of Commercial Filter Sands 
. 


Fig. 2 
sands produced in New York and New 


gives typical commercial filter 
Jersey. Numbers 1 and 2 would give the 
longest filter runs. Due to the large 
amount of 20 mesh and the inclusion of 
some 14 mesh, No. 2 would probably re- 
quire less backwashing. The amount of 
35 mesh sand present, however, is too 
low to provide efficient filtration during 
times of poor floc formation. The char- 
acteristics of these sands are more sim- 
ilar than is indicated by the existing vari- 


ation between ‘effective and uni- 
formity coefficients 

Number 3 has a larger per cent of 35 
mesh, but too great a per cent of 20 mesh. 
Number 4 is a fair filter sand, although 
it would be preferable if the 35 mesh 
were increased, and the 20 mesh de- 
creased 

Numbers 5, 6, 7 and 8 are the best of 
the lot, and No. 8 would undoubtedly 
give the clearest effluent, but shortest filter 
run. It is adapted to a plant with a sedi- 
mentation period of 4 to 6 hours. Num- 
ber 6, with a uniformity coefficient of 1.43 
and an effective size of 0.49 mm., would 
be best for a 3-hour basin. The small 
amount of 48 mesh sand would be found 
largely at the top of the layer. 

Numbers 9 and 10 are useful for addi- 
tion to an existing filter which is lacking 
in “fines.” Number 9 could be added to 
No. 1 to very good advantage, and would 
result in a marked improvement of this 
sand. Number 11 is worthless for filters 
since it contains too much 100 and 65 
mesh. It would increase the uniformity 
coefficient when added to practically any 
sand, and at least 22 per cent (represent- 


sizes 


Sands 


proportions. If a long sedimentation period 
is provided, the 48 mesh sand may be 
increased slightly. Sands of this type will 
have an effective size of about 0.50 mm.; 
a uniformity coefficient of less than 1.45 

The specifications with regard to sizes 
suggested by the author are given in 
Table ITI. 

The selection of torpedo sand is very 
important since 35 mesh sand is present 
next to this fine gravel. If it is too coarse 
it would seem to provide a ready passage 
of the 35 mesh material down into the 
underdrains. On the other hand, it should 
rot be so fine as to be lifted during back- 
washing. The writer believes that torpedo 
sand should pass a No. 6, and about 50 
per cent each should be retained on No. 8 
and No. 10 mesh screens (14 and 20 mesh 
sand will not remain in place). 

In this instance, the maximum diameter 
of particle is 3.33; minimum, 1.65; and 
average, 2.5 mm. The average size of 35 
mesh sand is 0.50 mm. The average diam- 
eter of torpedo sand is 5 times the diameter 
of the 35 mesh. From a theoretical stand- 
point, the maximum ratio to prevent pass- 
age of fine sand is 64. It would seem 


TABLE Il 


——Sieve Number— 
V2 Series Tyler U.S. Series 


Sieve Opening 


Suggested Size Specifications 


Per Cent Retained on Sieve 


Millimeters 
6.208 
0.295 0 
0.417 40 
0.589 40 
0.833 0 
1.168 0 


Standard Equivalent Minimum 
65 70 0 


Maximum 


9 
60 
60 

4 

1 


ing the 100 and 65 sizes) would soon be 
lost through backwashing. 


Selection of Filter Sand 


The bulk of so-called filter sands on 
the market toddy are in reality screened 
for moulding and blasting. The demand 
for filter sand is exceedingly low and 
amounts to only two-tenths of 1 per cent 
of the total sand sold commercially, ex- 
cluding that used for building, paving and 
railroad ballast. 

In selecting a filter sand it is preferable 
to take a standard grading rather than 
have a producer change his screens to 
meet rigid specifications. The output of 
several companies should be examined. If 
necessary, two sands may be blended when 
the filter is built. If this is done by the 
producer, the shipment may materially 
differ from the sample submitted. 

In the opinion of the writer, the 48 
and 20 mesh sizes should be limited to 
about 10 per cent each, with the latter 
excluded if possible. The 35 and 28 mesh 
sizes should be present in about equal 


desirable therefore to limit the 48 mesh 
sand to that quantity which will remain 
in the top 6 in. of the filter. 


Conclusions 


1. The finest size of sand that should 
be used in a rapid sand filter employing 
50 per cent expansion is that retained on 
a 48 mesh sieve. 

2. Thitty-five mesh sand (average size 
0.50 mm.) is required for low turbidity 
of effluent and to prevent the passage of 
activated carbon. 

3. In specifying filter sand, it is pref- 
erable to use “per cent retained on” rather 
than “effective size” or “uniformity co- 
efficient.” 

4. The 48 and 20 mesh sizes should be 
limited to not more than 10 per cent each, 
with the latter omitted if possitile. The 
predominant sizes should be 35 and 28 
mesh, and these should be present in ap- 
proximately equal amounts. 

5. Torpedo sand or fine gravel should 
be carefully selected as to size. 
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The Permutit Monocrete Underdrain is of monolithic construction, 
the header and laterals consisting of conduits cast in concrete. Porce- 
lain extension stems extend from the header and laterals to the top 
surface of the concrete; heavy porcelain strainers are screwed into 
these stems. The laterals are formed by specially designed inflatable 
rubber tubes which are removed after the concrete has set. The top 
slab of the header is then poured, using asbestos-cement sheet forms 
which are left in place. 

For full information about this remarkable new unit, write to The 
Permutit Company, Dept. W-5, 330 West 42nd St., New York 18, N. Y., 
or to the Permutit Company of Canada, Ltd., Montreal. 
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SMALL WATER TREATMENT PLANTS* 


Comments on Design Features, Operating and Personnel Problems 


the f the 
treatment plant are 
both produce 
ation, includ 
filtration 
operation 
plant de 
personnel 


-_ a great extent, problems o 
small and large 

similar. The raw waters of 
the same problems of purifi 
ing chemical application 
disinfection. The differences in 
result of differences in 
also in the type of 


and 


are the 
sign and 
usually employed 

\ plant with a capacity of 0.5 mgd. or 
less is considered a small plant. The plant 
is responsible for the er 
operating low-service 
meters and sending 
then, will 


operator usually 
tire system, trom 
pumps to reading the 
mut the lis. This 
he confined to plants of 0.5 mgd. or 
Even in this category, many plants 
provided with the same features as larger 
ones, and treat presenting similar 
problems of turbidity, tastes, odors, hard- 
bacterial contamination. Some 
sm all plants also have well-trained opera- 
tors. But differences in design, operating 
conditions and personnel problems do 
ccur 
All water treatment plants constructed 
in Ohio must have the approval of the 
Ohio Dept. of Health. A few of the regu- 
lations governing these plants are: (1) 
The rate of filtration required is 2 gpm 
per sarees foot in purific ation pl ants using 
surface waters. In the case of softening 
and iron removal plants, using ground 
waters, a 3 gpm. rate is permitted. (2) Fil- 
ter rate controllers are required on all 
filters. (3) Open gravity filters are re- 
quired for all surface waters, but pressure 
filters are permitted in softening plants 
which treat ground waters. (4) Settling 
basins having at least four hours’ deten- 
tion are required at all plants using sur- 
face waters, although for ground waters 
which are softened shorter detention pe 
riods are allowed 


discussion, 
less 


are 
waters 


ness and 


Design Features 


The construction of completely new 
water works including treatment plants so 
taxed some of the small municipalities 
that the water works structure was not 
made large enough to provide space for 
chemical storage. The filters reach almost 
to the roof, making it very difficult to 
get into a filter and even more difficult 
to remove and replace thé sand and gravel. 
At some plants of this sort a small building 
adjacent to the filter building is used for 
storing chemicals. Such arrangements add 
to the problems of operation, however 


Reaction and Settling Units 

Cylindrical steel reaction and settling 
tanks, which are often employed for econ- 
omy’s sake, usually afford rather ineffi- 
cient mixing. In some plants where the 
lack of effective mixing has been noted, 
the addition of mechanical mixing devices 
has improved conditions. When lime-soda 
softening is involved, the steel tank serves 
as a mixing chamber, settling basin and 
recarbonation basin, with recarbonation 


*This paper, presented before the Annual Meet- 
ing of the Am ater Works Assn., is here pub- 
lished by the permission of the Association. 
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occurring in the out-take pipe rhe water 
is generally not stable when it reaches the 
filter, and the encrusts rapidly 


Filter Washing 

Surface washing not only keeps the sand 
in filters in clean condition, but in the 
plant it reduces the rate of in 
crustation of the In the small plant, 
washing can be provided from 
which is usually on hand. A small 
l-in. pipe placed in such a filter 
1 excellent surface washer. It is 
to construct and is so small that it 
easily handled if it becomes neces 
from the filter 


sand 


sottening 
sand 
surtace 
piping 


simple 
can be 


sary to remove it 


Chemical Feeding 

Chemical application for the small plant 
is best provided by using solution feeding 
devices. Few of the dry feeders will apply 
chemicals accurately in the small amounts 
usually required. Too often the chemical 
storage space is in the same room as the 
filters and pipe gallery, where moisture 
conditions affect the chemicals—especially 
lime and soda-ash—so that they cannot be 
fed accurately by any volumetric dry 
feeder. Incidentally, accuracy of chemical 
application is more important in the 
small plant than in the large one. Over 
and undertreated waters are much more 
apt to reach consumers in small com- 
munities. In spite of this, many small 
plants continue to be equipped with dry 
feeders which give no end of trouble. 
Recarbonation 

The recarbonation of lime-softened wa- 
ter presents many problems in all plants, 
and the small plant is no exception. When 
natural gas is available, a gas burner is 
usually employed for producing carbon 
dioxide. Kerosene burners are generally 
more satisfactory in the small plant than 
coke burning furnaces, because operation 
is usually intermittent and a small coke 
fire is difficult to keep burning. Recar 
bonation units employing dry ice (solid 
CO) are of great advantage, although the 
cost is perhaps somewhat more than for 
carbon dioxide generated as a product of 
conduction. There is no problem of gen 
eration or compression; the dry ice is 
delivered in sizable blocks which are 
erotind up and placed in a screw-capped 
pressure cylinder. The gas coming from 
the top of the cylinder is measured by a 
rotameter and diffused through a sub- 
merged fabric hose of the type used for 
watering lawns or gardens and sold under 
the name “Soil Soaker.” Excellent results 
are reported 

In some small lime softening plants. 
recarbonation is not practiced because of 
the difficulties involved. Vitreous phos- 
phate’ known as “Calgon” is applied in 
an effort to offset the effects of water 
saturated or super-saturated with calcium 
carbonate. This treatment prevents the 
incrustation of the filter sand, pipelines, 
meters, etc.—but, if water is treated with 
excess lime, the vitreous phosphate does 
not remove the causticity and a caustic 
taste often remains. 
Filters 

Pressure filters are installed as an 
economy measure at certain small water 


treatment plants. In Ohio, the installation 
of pressure filters is discouraged and such 
units are permitted only at plants designed 
for ground water softening or iron re- 
moval, Very little need be said about the 
disadvantages of this type of equipment 
lastes and odors at times develop in these 
units as a result of biological growths 
The sand cements together, and overhaul- 
ing such filters is a disagreeable job 

Gravity filters are occasionally con 
structed using steel shells, some as small 
as 5 or 6 ft. in diameter. Concrete units 
providing 25 sq. ft. of filter area are about 
the smallest size that should be con- 
structed. Smaller units are too difficult 
to work in during construction and over- 
hauling operations 


Rate Control 

Rate controllers are most economicall 
constructed for one or two filters by em 
ploying a float chamber which provides 
constant head over an orifice. The onl 
problem of operation is to keep the floa 
valve working freely. Putting a prope 
cover over these controllers is quite im 
portant if foreign matter is to be kep 
from the clear well. The type of rat 
controller usually supplied employs a hy 
draulic valve actuated by pressure on 
diaphragm and is very satisfactory in th 
plain filtration plant. It is of little us 
in many lime-soda softening plants be 
cause the pilot becomes encrusted an 
the controller fails to function. If vitreou 
phosphate is introduced into the wate 
ahead of the filters, this trouble is elimi- 
nated. However, a water harder by 2 
ppm. be expected when this chemical is 
applied to the water before filtration. 


Pumps 

Pumps in the softening plant using pres- 
sure filters usually take suction from the 
settling tank discharging through the 
filter into the distributing system. In soft- 
ening plants this arrangement has the 
serious drawback of causing incrustation 
of the pump runner and housing, making 
it necessary to take the pump out of serv- 
ice about once or twice a month for 
removing calcium carbonate. This coating 
is very hard and crystalline in character 
An acid bath is the most effective method 
of cleaning. To remedy the condition, 
the high-service pumps may be arranged 
to take suction from the filter effluent in- 
stead of the influent. When the water 
passes through the filter before it reaches 
the pump, it has become more stabilized 
and little further trouble is experienced 
with incrustation. Vitreous phosphate ap- 
plied to the suction of the pump will also 
prevent incrustation of the pump by cal- 
cium carbonate. 


Filter Washing 

A wash water tank is usually lacking in 
the small plant. Sometimes a pump is 
provided, but very often the wash water 
is drawn from the main discharge of the 
plant to the distribution system. This is 
practical if there is an elevated tank on 
the system and if the filters require only 
a relatively small amount of wash water. 
At one plant, with a 6-in. force main 
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about two miles long, the single filter was 
divided into two parts for washing pur- 
poses, so that enough wash water would 
be available from the small force main 
with its high friction loss. It is desirable 
that an auxiliary gate valve regulating the 
rate of filter wash be placed on the main 
wash water line so that wash water valves 
on each filter can be opened wide without 
danger of upsetting the sand and gravel 


bed 


Automatic Controls 

Clear wells have been omitted in some 
small plants in order to reduce the cost 
Pumps take suction directly from the 
gravity filter effluent line and discharge 
ito the distribution system. An elevated 
tank usually floats on the system, but 
sometimes a pump with automatic con 
trols discharges into a hydropneumatic 
tank. The pump is in frequent operation 
during certain parts of the day. At some 
plants, the pumps will start as often as 
a minute, operating for from 10 to 
15 seconds at a time. Treating water 
under these conditions certainly presents 
problems which the large plant operator 
never encounters. Automatic equipment, 
actuating low-service pumps, chemical 
feeders, filters and the like, materially fa- 
cilitates operation of a plant of this type 


once 


Operating Problems 


Raw waters from impounding reservoirs 
Siten contam algae For the most part, 
the small plant operator does not deter- 
mine what organisms are involved but 
employs copper sulfate in varying amounts 
at different Tenstions Usually the copper 
sulfate is applied on more or less of a 
Sschedule, such as once or twice a month 
If the conditions are not improved, a 
supervising chemist may be called upon 
to advise a treatment. 

The aeration of well waters is frequent- 
ly accomplished adjacent to the filter 
building. Spray from the aerator saturates 
a brick building wall and the chemicals 
stored inside near the wall will take up so 
much moisture that it becomes impossible 
to feed them with a dry feeder. Separation 
of the aerator from the building is ad- 
visable 

Mixing devices at some softening plants 
require a great deal of maintenance be- 
cause the small plants operate intermit- 
tently. Sludge collects on the bottom of 
the basin during the period of shutdown 
Sand makes it difficult to start the mechan- 
lism, with breakage often resulting. 

The operation of filters in the plain 
filtration plant is largely a matter of keep 
ing the filter material clean and free from 
mudballs. In the lime softening plant, the 
problem of maintaining filters is much 
more serious. The sand becomes heavily 
incrusted and at times cements together, 
forming large chunks and slabs. The op- 
erator must be continually on the watch to 
prevent this condition. The filters should 
be prodded with a long-handled rake each 
time they are washed, so that the operator 


may know the condition of the sand. As 
previously stated, a surface wash system 
will prove very helpful in preventing sand 
agglomeration. Frequent removal of sand 
from the surface of the filter is necessary 
to keep the sand level at a point below the 
bottom of the wash water troughs. When 
sand is heavily incrusted, little or no sand 
expansion takes place during the washing 
operation. The effective size of the sur- 
face sand often reaches 2 mm. or more. 
Below the surface the size is much 
smaller 

In washing purification plant filters, the 
operator must learn to work the wash 
water valve slowly. Valves in small plants 
are usually manually controlled and often 
cannot be opened too rapidly, but many 
are opened fast enough to upset the gravel 
layer. The carborundum-plate filter bot- 
tom which is coming into use should pre- 
vent troubles resulting from displaced 
gravel layers 

Tastes and odors are attacked in the 
small plant in about the same manner as 
in the large one. The operator of a small 
plant does not have the facilities for mak- 
ing threshold odor tests. And he may not 
have the training to test for free residual 
chlorine. Activated carbon and combined 
chlorine are usually employed for taste 
and odor control. Free residual chlorina- 
tion is used for taste removal at a few 
small plants where the operator is com- 
petent to control it 

Disinfection at the small plant is usually 
best accomplished with hypochlorite rather 
than with liquid chlorine, because the use 
of hypochlorite is, overall, more econom- 
ical as well as being more simple in 
operation 

The maintenance of the plant in a neat 
condition is more of a small than a large 
plant problem, as the small plant often 
has no space for storage and becomes 
cluttered up with all sorts of equipment. In 
building small water works plants pro- 
vision must be made for chemical storage, 
tool and meter room, and general storage 
space if anything approaching neatness is 
to be attained by the operator 

A small amount of effort toward land- 
scaping the works will greatly improve 
its appearance. The planting of trees and 
shrubs can be done with no outlay of 
money because individual citizens or the 
garden club can be depended on for mate- 
rial if the water works man indicates an 
interest 


Personnel Problems 


In the small plant the water works in- 
come is often so restricted that the salary 
which can be paid to the operator is in- 
sufficient for full-time employment at the 
water treatment plant. Usually. in addi- 
tion to operating the purification plant, 
he looks after the pumps and the distribu- 
tion system, makes taps, reads the meters, 
sends out the bills and collects the 
revenue. He frequently ekes out a living 
by acting as town marshal, driving the 
school bus, running a motion picture 
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theater or acting as janitor of the school 
Such versatile men are operating some of 
the small plants. 

These operators, who make regular 
daily coliform, alkalinity, pH and hard- 
ness tests, generally had no formal educa- 
tion beyond high school. Many have had 
none beyond the eighth grade. They have 
acquired their technical knowledge from 
men who have been employed to super 
vise the works and from the study of 
books and technical publications. On the 
other hand, many small plant operators 
are satisfied to permit the supervising 
chemist to direct the plant operation and 
they carry out his orders. It is necessary 
at all plants treating surface waters that 
the operator be an intelligent man with 
some initiative, because it is not possible 
to operate such a plant by following or 
ders issued once a week by a supervisor 
At a softening plant using ground water, 
the problem is quite different. The super 
visor adjusts the treatment for a given 
type of water with reasonable assurance 
that the water will remain of uniform 
quality, with no changes in treatment 
necessary before his next visit 

Some explanation should be made about 
the supervision of small plants as it is 
practiced in Ohio. Regulations of the 
State Health Dept. require that operators 
in responsible charge of water purifica 
tion plants hold one of three grades of 
certificates issued by the Director of 
Mealth. Plants which treat surface waters 
must have a man in charge who holds 
either an A or B certificate, the class re- 
quired being determined by the size of the 
plant and the character of the raw water 
supply. Small plants in which the operator 
does not have the necessary qualifications 
for a B certificate must be supervised by a 
man holding an A or B certificate. The 
supervisor is then in responsible charge 
of the plant. How much instruction he 
gives the plant operator is really a matter 
between himself and the operator. Some 
operators are anxious to learn the tech- 
nical phases of water purification, while 
others are satisfied to let the supervisor 
take responsibility for the plant’s output 
For the most part, however, the operators 
of small plants make an effort to improve 
their status by preparing themselves for 
the examinations which are held annually 
for the various certificates. This system 
of supervision of water plants has been in 
successful operation for more than 25 
years in Ohio. The certification of plant 
operators, however, was begun only eleven 
years ago. 

In an effort to improve filter plant oper- 
ation, Ohio is following the lead of some 
other states in establishing a short school 
for small plant operators. Its first session. 
held in 1948 at Ohio State University, was 
largely devoted to elementary and basic 
training. No decision has been made as 
to the eventual schedule of training, but 
the purpose of the school is to raise the 
operators (through training) to a higher 
level of competence 





COLOR CODE YOUR PLANT 


NEW word for the 
operator to add to his vocabulary im 


progressive plant 
discussing plant maintenance is COI 

OR. The superintendent of the smallest 
pumping station or the largest filtration 
plant can establish a for the 
identification of equipment as well as piping 
both to facilitate and repairs 
and to improve the 
the plant 

During the war, industrial plant managers 
proper identifi 


color code’ 
maintenance 


general appearance of 


realized the importance of 
cation of piping systems when many inexpe 


Classification 


Fire protection equipment 
Dangerous materials 
Safe materials 


materials 
materials 


Protective 
Extra valuable 


rienced employees were hired. Lack of suc 
identification resulted in many unusual cross 
connections and shut-downs. This 
hazard was so pronounced that the Ameri 
Standards Association published on 
July 16, 1945, a “Safety Color Code for 
Marking of Physical Hazards and the 
Identification of Certain Equipment.” The 


costly 


can 


plant operator should consult the American 


Standards Association's publications on the 
subject or establish his own code, as was 
done in the Richmond Filter Plant 
prior to World War Il. 


Establishing A Color Code 

The first step in any system is to establish 
a definite color code according to the char 
acter of the carious materials in the piping 
The ASA shown in 


even 


system system 1s 
Table I 

In this system all 
listed and each assigned to one of the five 
classes, as illustrated in Table II 


materials piped are 


TABLE Il 


Materia! Piped Classification 


Alum solution 
Carbon dioxide 
Chlorine 
Ammonia 
Soda ash 
Water 

Steam 

Water -fire 


sulution 


protection 


Richmond Markings 

Table III 
Richmond for identification of 
mon to water plants. However, this system 
was established in 1940 and is not always 
in conformity with ASA 
listed above 

The system has the advantage of a larger 
number of colors and results in a variety 
of hues in an otherwise monotonous piping 
system. Many favorable have 
been received from visitors on color 


illustrates the system used in 


pipes com 


recommendations 


comments 
this 


H. E. LORDLEY 
Asst. Director 
Dept. of Public Utilities, Richmond, Va 


from classes 


arrangement and particularly 
of school children 


Methods of Application 


caretul consid 


Che 
eration 


second step 


study in 


requires 


and selecting the actual 


method of applying the colors selected 
The entire length of pipe 
fittings may be painted the designated color, 
or the 
bands on piping having a uniform color may 
be used successfully For 


paint 


above valves and 


alternate method of painting color 


example, it is 


often necessary to piping white or 


r the achromatic colors white 
gray yr aluminum 

Bright blue 

Deep purple 


aluminum to improve illumination in pipe 
galleries, basements or dark areas, in which 
case an identifying color band 8 to 10 inches 
wide is painted adjacent to each valve, tee 
pipe. However, the 
found one disadvantage in painting 
without a change. It 
tired of using 
which results in less footage per day cov 
ered than when switching to different colors 
It is also interesting to note that in cases 
where 
definite duty of painting their personal inter- 
est and pride in the work increases in keep- 
ing each line painted the proper color. New 
employees assigned to painting learn the 
piping system quickly. Having thus obtained 
a more thorough knowledge of the plant 
piping, they make more valuable employees 
transferred later to the mechanical 
maintenance division or the operating divi- 


or branch author has 
entire 
that 


color, 


le ngths seems 


painters become one 


one or more men are assigned the 


when 


TABLE III 


Piping 


Fire lines 
Sump pumy 
Raw water 
Drains on chemical 
Waste water pump 
Finished water 
Motors 

clectric conduit 
Steam lines 
Chemical lines 
Chlorine (gas « lution) 
Ammonia (ga 
Sulfur dioxide 
Sewers 
Wash water 
Air ducts 
Hot water 
Venturi meter 


lines 
pumps 
machines 


olution) 


(gas or solution) 


pumps and lines 


lines and stacks 


Color 


with white band 
with white band 
i with white band 

with white band 

Dark green 

Dark green 

Gray 

Black 

Orange 

Yellow 

Yellow 

Yellow 

Light blue 

Light green 

Aluminum 

Aluminum 

Brown 








Color Code Paint Job in Fully Automatic Rooster Pumping Station. 
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If a color band system is selected, this 
can be used in conjunction with stenciled 
words, letters and figures or more stripes 
of color at the edges of the band to indicate 
the exact identification of the system. For 
example, the uniform color of the system 
is aluminum with a yellow color band, indi 
cating a dangerous material; however, 
chlorine, ammonia and sulfur dioxide are 
all dangerous, and it is necessary to further 
identify the system by the stenciled letters 
CL (chlorine), NH (ammonia), SO (sul- 
fur dioxide), or Nos. 1 (chlorine), 2 (am 
monia), 3 (sulfur dioxide), as illustrated in 
the accompanying sketch 

In selecting colors always remember that 
the reflective value of paints vary with the 
shade which from a physiological 
or visual standpoint is situated about half 
way between white and black, reflects ap 
proximately 25% of the incident standard 
white light, and is near the permissibl 
limit of reflective value for poor illumina 
tion. In pipe galleries, aluminum or whit« 
paints give maximum illumination and in 
crease the efficiency of maintenance opera 
tion. 


Gray, 


Selection of Paints 
The type and quality of paint used in a 
plant is often dependent on the judgment of 
the superintendent, and he is required by the 
Purchasing Department to submit specifica 
tions on every item. Several government 
publications are available to aid in the diffi- 
cult job of selecting paint, two of the most 
useful being— 
1) “Paint Manual.” Report BMS105, dated 
October 11, 1945, available from the Super- 
intendent of Documents, Washington 25, 
D.C., at a price of $1. 
2) “Federal Specifications.” Price List No. 
75, available from the Superintendent of 
Documents, no charge. 
This list includes all specifications avail- 
able on paint, copies of which may be pur- 


USE OF COLOR BANDS AND LETTERS 


to OP 
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CL 























Pipe NOES Pee Color Band- Yellow 


Letters - 


Biack 


USE OF COLOR BANOS AND NUMBERS 














Pi pe Coler- Aluminum 














Color Band- Yellow 


Lelfers - Black 
Sketch Illustrative of Color Band System Used in Valve and Pipe Line Identification. 


chased at the price listed; for example, 
Specifications TT-P-59 paint, ready mixed, 
international-orange, June 17, 1937, price 5c. 

Our experience with the color code in 


Richmond has been more than satisfactory, 
and we have included the code in the specifi- 
cations for our new thirty-six million gallon 
per day plant now under construction. 


PROPORTIONING CONCRETE 





Gravel 


| 


—~<—Material For One Cubic Yard Concrete 
Stone 1” and under, 
dust screened out 


” and under 
Stone Cement 
Yards Yards Bbis. 


Sand 
Yards 





Stone 234” and under, 
dust screened out 
Cement Sand Stone 
Bbls. Yards Yards 


Stone 
Yards 
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1.73 
1.48 
1.29 
1.38 
1,21 
1.07 
1.14 
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= 1 Bbl. 
MP ccictcostbects = 400 Ib. Gross, 376 Ib. Net 
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SPORICIDAL PROPERTIES OF 


G. M. RIDENOUR™, 


shown 

both 
properties as 
water 


REVIOUS studies” have 
that chlorine dioxide 
bactericidal and virucidal 

measured against E. coli, common 

pathogens and mouse adapted poliomyelitis 
virus. In the aforementioned studies chlorine 
dioxide gave results comparable with chlo 
rine on an OTA basis of residual measure- 
ment. The non-spore forming bacteria are 
of first importance since they include the 
principal etiological agents of water borne 

However, forming organisms 

source ol water 

providing inoculation for after 
water distribution systems 


possesses 


disease spore 


are also a annoyance in 
supplies by 
growths in 
The investigations have 
tended to collect information on the 
cidal properties of chlorine dioxide in rela- 
tion to both free chlorine and chloramines, 
as a complement to the information on the 
non-spore forming bacteria and virus 


METHODS OF STUDY 


Information on the sporicidal properties of 
chlorine dioxide, in relation to tree chlorine 
and chloramines, was sought with the use 
of the spore forming bacteria, B. subtilis, 
B. megatherium, and B. mesentericus. The 
sporicidal effect of chlorine dioxide was 
compared to that of “free chlorine” from 
two sources; one (Method A), the “free 
chlorine” from an ammonia bearing spore 
suspension chlorinated beyond the break- 
point, the other (Method B), from gaseous 
chlorine solution added directly as “free 
chlorine” to an ammonia free and organic 
free spore suspension 

The chlorine dioxide gas was prepared 
by scrubbing out acid treated sodium chlo- 
rite into water. This was used as the work- 
ing stock solution. Chlorine was similarly 
prepared, except that sodium hypochlorite 
was used for generating the chlorine gas 
Chloramines were obtained by adding chlo- 
rine to the working spore suspension that 
contained ammonia. 

All working solutions were buffered to 
maintain a pH between 7.0 and 7.5. Chemi- 
cal measurements of the disinfectants were 
made by means of iodide starch titration, 
acid orthotolidine (OT) and orthotolidine- 
arsenite (OTA). Temperature was main- 
tained between 60° to 68°F. Time of disin- 
fection contact varied between 10 and 30 
minutes depending on the specific study. 
Peptone thiosulfate dilution water was used 
as a neutralizer to stop the action of chlo- 
rine or chlorine dioxide at the end of the 
desired contact period. The possible presence 
of bacteriostasis was checked in each in- 
stance by reinoculating neutralized solutions 
with viable spores. 


hence been ex 
spori 


Specific Methods 


Method A: Under this method the spori- 
cidal properties of chlorine dioxide were 
compared to chloramines and “free chlo- 
rine’, by treating a water containing am- 
monia and peptone below and beyond the 
breakpoint. 


A series of ten tests were made with 
B. subtilis; five tests with B. mesentericus ; 
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CHLORINE DIOXIDE 


E. H. ARMBRUSTER ' 


R. S. 
Vichiqan* 


INGOLS”, 


inn Arbor, Mich 


l meversity of 


and three tests upon B. megatherium. Each 
of the test spores were prepared by inoculat 
ing a number of nutrient agar slants and 
incubating the culture until spore forms 
were predominant as indicated by micro 
examination, The spores were then 
washed off with sterile water and the sus 
pension boiled to destroy vegetative forms 
Che boiled suspension was diluted with a 
buffered water containing 10 ppm. NH;-N 
and 50 ppm. peptone. The buffer capacity 
was necessary to maintain the pH_ between 
7.0 and 7.5 in the presence of high chlorine 
The ammonia was used to obtain a 
breakpoint with chlorine. Peptone was used 
to produce a chlorine dioxide demand. An 
aliquot of diluted suspension was 
added to each of a series of glass stoppered 
flasks and increasing amounts of chlorine 
and chlorine dioxide added to each. After 
5 minutes contact, | ml. of the suspension 
was transferred to 99 ml. thiosulfate dilu 
tion water. Nutrient agar plates were then 
poured at appropriate dilutions. At the same 
time the spore transfers were being made, 
chlorine residuals were determined by 
orthotolidine, orthotolidine-arsenite, and io- 
dide methods. Similar transfers and resid- 
uals were also repeated after 30 min. con- 
tact. Counts of spores vegetating were made 
after 48 hours incubation 

Method B: Under this second method of 
study the relative sporicidal efficiencies of 
chlorine dioxide and chlorine were studied 
on a spore suspension in a medium free 
from ammonia, organic matter, or other 
chlorine or chlorine dioxide demand sub- 
stances, except that caused by the reaction 
with the spores themselves or the vegetative 
cells in the suspension that were destroyed 
before the tests were made. The general 
procedure for testing was similar to that 
used in Method A, except that chlorine de- 
mand and ammonia free water was used 
as the suspending medium for the test spores 
and extra precautions taken to free the sus- 
pension solution of ammonia and organic 
matter. To do this, the 20-day slants of 
B. subtilis and B. mesentericus were washed 
with 10 ml. of saline to form a suspension 
of both cells and spores. This suspension 
was then washed with fresh saline by cen- 
trifugation to remove organic matter. The 
spores were resuspended and held at 80°C. 
for 20 minutes to kill vegetative cells and 
spores of lesser resistance and the surviving 
spores were then added to four liters of 
buffered ammonia and chlorine demand 
free water and thoroughly mixed. This 
preparation was used as the test suspension. 


RESULTS OF STUDY 
Method A: 


scopiK 


doses 


spore 


A typical set of results from 
this method of testing, which compares 
chloramines, breakpoint “free chlorine” and 
chlorine dioxide on the spores of B. subtilis, 


B. mesentericus, and B. megatherium is 
plotted in Figs. 1, 2, and 3. 

These test results indicate that for an 
equal degree of spore kill, lesser OTA 
residuals are required from chlorine dioxide 
than from chlorine. As, for example, in Fig. 

for B. subtilis, a 99 percent reduction 
resulted from the presence of 0.1 ppm. of 
chlorine dioxide as against a required OTA 
residual of 2.5 ppm. from chlorine after the 
breakpoint. For B. mesentericus, the relative 
OTA residual concentration for the same 
kill were 2.0 ppm. for chlorine dioxide and 


For B. megatherium 
for the same kill 
This same relative 
other separate runs 


10.0 ppm. tor chlorine 
the respective residuals 
were 0.3 and 3.5 ppm 
tendency is shown in 
on the same spores 

Vethod B: The results of the tests where 
the sporicidal effect of chlorine dioxide on 
pure spore cultures suspended in a chlorine 
and chlorine dioxide demand free medium 
were studied, is shown in Fig. 4 

rhe results in this set of data showing the 
sporicidal effect of chlorine dioxide and the 
relative effect of “free” chlorine are roughly 
analogous to the data under Method A, 
where the free chlorine residual beyond the 
breakpoint was compared with chlorine 
dioxide 

These results show, as in the previous 
data, that chlorine dioxide is a sporicide if 
used in the proper concentrations. The OTA 
residuals required by chlorine dioxide were 
less than those by chlorine for equal degree 
of kill. As an example, for 99.9 percent kill 
of B. mesentericus, an OTA residual from 
chlorine dioxide of 2.0 ppm. was required. 
Chlorine OTA residual required was over 
10 ppm. For B. subtilis, chlorine dioxide re- 
quired approximately 1.0 ppm. residual and 
chlorine required a residual of 3.5. In terms 
of weight of gas applied, 5.5 ppm. of chlorine 
dioxide and 12.5 ppm. of chlorine was re- 
quired for 99.9 percent kill of B. mesenteri- 
cus; for B. subtilis, 3.0 and 6.3 ppm. were 
respectively required. This same relative 
tendency of chlorine dioxide and chlorine 
held true for all degrees of kill down to 
sterility. However, the divergence between 
the two gases increased as sterility was ap- 
proached. 


Camparison of Results from Methods A and B 


A summarized version of the results of 
the studies under Methods A and B would 
be as shown in Table I 


Discussions 


The data in this paper cannot necessarily 
be used, nor is it intended to be used for 
interpretation as to the proper general 
sporicidal concentrations of either chlorine 
dioxide or chlorine. Different sporulating 
organisms and individual organisms within 
the same species may differ in their resist- 
ance to disinfectants depending on the condi- 
tions which cause sporulation and more 
especially the severity of conditions. There- 
fore, individual bacteria in the same strain 
may show different tolerance levels to dis- 
infectants. 

The specific purpose of these studies has 
been to show whether chlorine dioxide does 
or does not possess sporicidal properties, 
and if so, how it might compare with “free 
chlorine” when used for such purposes in 
water treatment. 


With this in mind, the major conclusions 
that can be drawn from these studies are 
that on the basis of OTA residuals chlorine 
dioxide is more effective as a sporicide than 
chlorine. That is, with the same O.T.A 
residual existing in two solutions, one chlo- 
rine and the other chlorine dioxide, the 
solution containing chlorine dioxide more 
effectively destroys the spores. This phe- 
nomenon is apparently due to the fact that 
atom per molecule, chlorine and chlorine 
dioxide seem to act sporicidally much the 
same but the O.T.A. measures only one- 
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— Pig. 1 
spore 


with chlorine dioxide or 
chlerine in the presence of 
ammonia and peptone 


Percent Billed 
3 


3 
- 


OTA residual ~ p.p.a. 
° nN 


- Chlorine or chlorine dicxide afded - p.p.a. 
‘ 


Fig. 1.—Reduction of B. Subtilis Spores by 


Chlorine in 30 minutes 


(In presence of ammoma and 


fifth of dioxide 
change 

This difference in effectiveness between 
©.T.A. residuals of chlorine and chlorine 
idioxide on spores is much greater than on 
Dvegetative cells where the effect of O.T.A. 
residuals from each of the two gases seems 
to be approximately the same. The differ- 
ence may be due to the lack of five full 
valence changes from chlorine dioxide in 
the case of the vegetative cells, whereas the 
chlorine dioxide is more reactive with the 
spore material and utilizes its entire poten 
Stial oxidizing capacity to a fuller extent. 

The amount of chlorine or chlorine diox- 
ide needed to effect kill depends on the rela 
tive characteristics of the water with respect 
to chlorine or chlorine dioxide demands, 
types of chloro-compounds formed, etc. 
These data show, however, that in either 
chlorine and chlorine dioxide demand free 
waters, or in waters containing ammonia, 
less chlorine dioxide is needed than chlorine 
by weight, for a given kill of spores. In the 
former instance the result is due to the 
more effective action of the OTA residual 
from chlorine dioxide. In the latter, less 
weight is required not only by reason of 
the greater effectiveness of the same OTA 
residual, but also because chlorine dioxide 
is unreactive with ammonia. 

It would appear from these data that 
chlorine dioxide could be used in water 
plant practice not only for the control of 
tastes and odors but also for the better 
control of spore contamination. If the 
spores which normally cause aftergrowth 
in water mains are as easily destroyed as 
the B. subtilis, then ordinary plant re- 
siduals from chlorine dioxide would give 
quite effective control of aftergrowths, due 


chlorine potential valence 
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contact with ehlorine dioxide 
or eRlorine in the pre- 
sence of ammonia and 
peptone. 


————EE 





















































Cornu ru awe wos 








OTA residual - p.p.a. 


Chlorine Dioxide and 


peptone) 


to spore contamination, in the water plants 
and systems. 
S y and Concl 

Laboratory studies were 
information on possible sporicidal prop- 
erties of chlorine dioxide with the view of 
determining the potential application of the 
gas toward eliminating the annoyance of 
aftergrowths from spores in water plants 
and distribution systems. These studies were 
related to the effectiveness of chlorine for 
the same purpose, under the same condi- 
tions 

Results of these studies may be 
rized as follows 
1. Chlorine dioxide is a 
sporicide than chlorine if 
equal OTA residual basis 
2. The effectiveness of OTA residual from 





made to obtain 


summa- 


more effective 
compared on 


Chlorine or chlorine dicmte added - p.p.a. 
Reduction of B. Mesentericus Spores by Chlorine Dioxid 
and Chlorine 
In presence of ammonia and peptone) 


in 30 minutes 


chlorine dioxide related to chlorine 
seems to be greater on spores than on 
vegetative cells. The difference may be 
due to the residual potential of four addi- 
tional valence changes in the chlorine di 
oxide molecule which, on spores, may be 
more effective because of a more reactive 
nature of the spore material with the 
chlorine dioxide molecule 

3. Less weight of chlorine dioxide than 
chlorine is required in either demand free 
waters or in waters containing ammonia 
The difference in weight required depends 
on the ammonia content. In ammonia bear 
ing waters, chlorine must be applied be 
yond the breakpoint before sporicidal effi 
ciency is obtained equal to that from chlor- 
ine dioxide. 

4. It would appear from these investiga- 
tions that chlorine dioxide could be used 


as 


TABLE I 
Summary of Relative Sporicidal Effects of ey and Chlorine Dioxide in the Absence 


or Pr 





Under Method A with Ammonia 
OTA residual (“Free Chlorine” equivalent) to obtain 99% kill in 30 Minutes 


Organism ( er kpoint) 


residual 
6.5 


over 10 
over 10 


subtil s 
mesentericus 
megatherium 


(Seyend. oteciat 


meldiost 


(Chlorine 0 Dioxide) 
residual 


0 


1 
6 
; 


1 
0 


Under Method B with Ammonia Free and Demand Free Medium 


Amount in ppm. 
Organism 
Weight 
48 
10 


B. subtilis 
B. mesentericus 
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to obtain 99% kill in 10 minutes 
(Chlorine) 


(Chlorine dioxide) 


Weight O.T.A. 
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Fig.5 Reduction of B. segather- 
ius spores by 3© sinutes 
contact with chlorine dioxide 
or chlorine in the presence 
of ammonia and peptone. 
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Fig 


in water plant practice for the control of chlorine dioxide 
spore contamination in either water treat- 
ment plants or in water distribution sys- 
tems. Under conditions where the ammonia 
content of the water requires breakpoint 


application of tor of 


spores 


may 
cidedly superior method of trea 
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Millimeters X .03937 Cubic Centimeters + 3.69 = 4. drams ( 
Milhmeters 
Centimeters X .3957 = inches. 

Centimeters + 2.54 = inches. 

Meters X 39.37 = inches (Act of Congress). 
Meters X 3.281 = feet. 

Meters X 1.094 = yards 

Kilometers X .621 = miles. 

Kilometers + 1.6093 = miles. 

Kilometers X 3280.8693 = fect. 

Square Millimeters X .00155 = sq. inches. 
Square Nillimeters + 645.1 = sq. inches. 
Square Centimeters X .155 = sq. inches. 
Square Centimeters + 6.451 = sq. inches. 
Square Meters X 10.764 = sq. fect 

Square Kilometers X 247.1 = acres. 
Hectare X @.471 = acres. 

Cubic Centimeters + 16.383 = cubic inches. 


= inches. 
- 23.4 = inches. 
Cubie Meters X 35.315 = cubic feet. 


Cubic Meters X 1.308 = cubic yards. 


Liters X 33.84 = fluid ounces (U.S. P.) 
Liters X .2642 = gallons (231. cu. in.). 
Liters + 3.78 = gallons (#31. cu. in.). 
Liters + 28.316 = cubic feet. 
Hectoliter8 K 3.531 = cubic fect. 


Hectoliters X .131 = cubic yards. 
Grams + 981. = dynes. 


Grams (water) + 29.57 = Guid ounces. 
Grams + 28.35 = ounces avoirdupois. 


Cubic Centimeters + 29.57 = fluid ounces (U.S.I"). 


Cubic Meters X 264.2 = gallons (231. cubic inches). 
Liters X 61.022 = cu. in. (Act of Congress). 


Hectoliters X 2.84 = bushels (2150.42 cu. in.). 


Hectoliters + 26.42 = gallons (231. cu. in.). 
Grams X 15.432: = grains (Act of Congress). 


U.S. P) Grams per Cu. Cent. + 27.7 = Ibs. per cubic inch. 
Joule X .7373 = foot pounds. 

Kilograms X 2.2Q46 = pounds. 

Kilograms X 35.3 = oz. avoirdupois. 

Kilograms + 907.2 = tons (2,000 Ibs.) 
Kilograms per Sq. Cent. X b4.2%3 = Ibs. per sq. in. 
Kilogram-geters X 7.233 = foot Ibs. 
Kilograms per Meter X .672 = Ibs. per foot. 
Kilograms per Cu. Meter X .062 = Ibs. per cubic fvol. 
Tonneau X 1.1023 = tons (2,000 Ibs.). 

Kilowatts X 1.34 = Horse Power. 

Watts + 746. = Horse Power. 

Watts X .7373 = foot pounds per second. 

Calorie X 3.968 = B.t.u. 

Cheval vapeur + .9863 = Horse Power. 
(Centigrade X 1.8) + 92 = degrees Fabr. 
Gravity Paris = 980.94 centimeters per sec 
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rlan Building. 251 River Street. 


gave 14 — R. Bowers Company, 
der Build chine 


DENVER, |, COLORADO—J. 8. Ambler & Asso 
ciate, 402 Denver Nationa! Bidg. 

DETROIT 4, MICHIGAN—W. A. Dalee, inc., 
9190 Roselawn Avenue. 

NEW ORLEANS i8, 
Sales Company, 17! “Audubon Bivd. 

NEW YORK 7, NEW YORK—Omega Machine Braga 
Company, 20 Vesey Street. 

PENNSYLVANIA—Alan A. Street, West, Toronto |, Ontario 


LOUISIANA—Engineering 








A COMPLETE LINE 


Universal Feeders Gravimetric Feeders 
Lime Slakers Rotodip Meter Feeders 
Precision Solution Feeders Rotolock Feeders 
Laboratory Stirrers Dust Removers and Filters 
Disc Feeders Chemical Elevators 











GRAVIMETRIC FEEDER 
Loss-In-W eight Type 


The most accurate type chemical feeder 
made. Indicates on the scale beam the 
weight of material in the hopper at all 
times. Feeds lump, granular or powdered 
materials at 100 different rates by incre- 
ments of 1%, of the maximum rate of feed, 
and records every pound of material fed. 
No calibration is required. The rate of 
feed is automatically controlled by the loss in weight in the hopper 
of material. The No. | Feeder shown at left feeds up to 2,000 Ibs. 
per hour. Bulletin on request. 


PRECISION FEEDER 


Not an orifice feeder but a true Volumetric 
Feeder, accurate within 1% for feeding solu- 
Fions of Calgon, hypochlorite, copper sul- 
phate, ammonium sulphate, etc., by gravity. 
Feeding range 100 to |, from .08 to 200 gals. 
per hour, with standard tank sizes 50 to 200 
gallons. Where electricity is not available 
8-day spring motors are used; meter-paced 
control is easily accomplished by flow pro- 
portional feeding on electrical models. Bul- 
letin on request. 


UNIVERSAL FEEDER 


A rugged, dependable Volumetric feeder with 
oscillating throat at base of hopper. Easy mi- 
crometer screw adjustment gives a practical 
range of 40 to |. Three sizes provide a feeding 
rate of | to 6,000 Ibs. per hour. The feeder will 
successfully handle lime containing both lumps 
and fine powder; strings and trash will pass on 
through without clogging. Accuracy averages 
3% although crushed lime may vary somewhat 
in weight per unit of volume. Send for Bulletin. 
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WASHINGTON, D. C.—Alan A. Wood. Inc., 
Dupont Circle Bidg 

WILMETTE, ILLINOIS—Omega Machine Com- 
pany, 1141-43 Greenleaf Avenue. 

ARGENTINA—Fiore Company, Viamonte 1570, 
Buenos Aires. 

BRAZiL—Oscar Taves & Cia., Lida., Av. Erasmo 

, Rio de Janeiro. 

CANADA—Control & Metering, Ltd. 454 King 


COLOMBIA—W. A. Petersson, C. E., P. O. Box 
1231, Bogota. 

MEXICO—Dosificadores Y Valvulas, S. A., Edifi- 
cio Independencia, Dolores |6. 

VEN EZUELA—Eugene Seguete & Cia., San Fran- 
cisco A Sociedad No. 8, Caracas 


OMEGA LIME FEEDERS 
AND SLAKERS 


Omega Continuous Lime Slakers are the product of years of special- 
ization in the design and construction of equipment for Municipal 
Water and Sewage Plants. The majority of Omega Lime Slaker 
Installations employ either the Belt Type or Loss-In-Weight Type 
Gravimetric Feeders. Slakers are available with capacities from 
175 lbs. per hour to 10,000 ibs. per hour. 
Outstanding features of the Omega Lime Slaker include: 
High speed mixing to promote rapid, thorough slaking. 
Efficient insulation and thermostatic heat control to maintain high 
slaking temperatures. 
® Vapor removal devices to protect feeders from hot, moist vapors. 
Heat exchanger coils to preheat cold water for increased slaking 
efficiency. 





OMEGA BELT TYPE GRAVIMETRIC FEEDER 
AND 500 LB./HR. OMEGA SLAKER 


A feeder of extreme accuracy, weighing material continuously on 
short conveyor belt carried on accurate sensitive scales. Can be set 
by a single dial to feed within 2% of the desired rate, and any 
departure from weight per unit of volume is automatically compen- 
sated. Alarms prevent over or under feeding; totalizer permits 
keeping a record of amount of material fed. Automatic devices for 
feeding in proportion to variable flow are available. Bulletin on 
request. 


ROTODIP FEEDER 


Continually meters and feeds by 

volume low viscosity liquids and 

suspensions. A metering wheel 

with eight dippers of special 

shape gives uniform delivery 

without requiring close regule- 

tions of the liquid level in the 

meter tank. There are no valves, 

diaphragms, or pumps; the discharge from the wheel is by gravity 
and continuous. Feeds up to 800 gals./hr. in single unit; multiple 
units available for greater capacities. 





FLUORIDATION OF PUBLIC WATER SUPPLIES 


Data and Opinions on this Experiment in Mass Medication 


Th 


HE practice of fluoridation is unique 

among methods for the treatment of 

public water supplies. It is unique be- 
cause it is an additive rather than a sub- 
tractive method. All other methods of water 
treatment, applied for the protection of 
public health, have been devised to reduce 
excessive concentrations of constituents 
present in natural waters. Fluoridation is 
employed to increase inadequate concen- 
trations of a constituent present in natural 
waters. There is little difference in princi- 
ple between fluoridation and other methods 
of treatment, but there is a considerable 
difference in philosophy. 

In its general attitude toward this unique 
method of water treatment, the water works 
industry will do well to recognize, as did 
Wolman in his foreword to “The Quest for 
Pure Water,” that: “Neither the consumer 
nor the professional should be disconcerted 
by this endless adventure in search for 
‘pure’ water. It is the natural concomitant 
of advancing knowledge and expanding 
horizon.” The specific attitude of the water 
works industry, however, will be determined 
by factual information regarding the present 
status of water fluoridation. It is the purpose 
of this paper to present such information in 
summary form. 


The Background 

The basic evidence demonstrated by care- 
fully conducted epidemiological studies is 
this: In communal water supplies minimum 
concentrations of naturally occurring fluor- 
ide ion are desirable and excessive concen- 
trations are detrimental. The range between 
the limiting concentrations is very narrow. 

The existence of the fluoride ion in drink- 
ing water was discovered less than twenty 
years ago, and it was soon recognized that 
excessive concentrations of this ion were 
the cause of fluorosis or mottled tooth ena- 
mel“, Subsequent investigations have estab- 
lished 1.5 ppm. fluoride as the maximum 
concentration which does not produce fluor- 
osis. With higher concentrations mottled 
tooth enamel becomes increasingly more 
severe; at 6.0 ppm. almost every child will 
be affected. 

Much study has been given to the devel- 
opment of methods for the treatment of 
water to remove the fluoride ion. Fluoride 
removal methods so far developed are ex- 
tremely costly to install and operate. More 
than 350 public water supplies in the United 
States are reported to contain excessive 
concentrations of fluoride ion, and fluoride 
removal treatment is provided in only 10 
of these. 

In 1938 studies by Dean disclosed the 
existence of an inverse ratio between dental 
caries (tooth decay) in children and the 
fluoride content of the communal water 
supply®. His results showed dental caries 
experience to be at a minimum when the 
water contained 1-1.5 ppm. fluoride. This 
concentration of fluoride ion was found, by 
examination of over 7,000 school children, 
to be associated with a 50 to 65 per cent 
reduction in caries prevalence. The relation 
is illustrated in Fig. 1. 
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Evidence of the relation between dental 
caries and the fluoride content of water sup- 
plies has been largely based upon studies of 
children. There have been few data con- 
cerning the dental health of adults who were 
exposed to fluoride-containing water during 
childhood. The results of a study by McKay 
provides some evidence that the inhibitory 
effect of fluoride, once acquired, may be 
permanent. His study was based on the 
examination of 400 adults who were natives 
of Colorado Springs, Colo., where the water 
supply has a natural fluoride content of 
2.6 ppm. and has been in use for about 70 
years”, While these adults were found to 
have mild dental fluorosis, they exhibited an 
unusually low rate of permanent tooth loss. 
A comparison of the findings with the nor- 
mal expectancy of tooth loss for the United 
States is illustrated in Fig. 2. 


The Theory 

An inverse relationship appears to exist 
between the fluoride content of natural 
waters and the prevalence of dental caries 
Recognition of this relationship led to the 
proposal that fluoride be added, as a caries 
control measure, to waters deficient in that 
constituent. 

The control of caries by adding fluoride 
to a public water supply is based on the 
hypothesis that the water so treated will 
have the same effect as one naturally con- 
taining fluoride. This hypothesis appears 
justified by chemical and biological consid- 
erations, by laboratory research, and by 
epidemiological evidence. 

At least eight years will be required be- 
fore a preliminary indication of the full 
effect of fluoridated water on dental caries 
can be determined; that is, until children 
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have used fluoridated water throughout the 
period of tooth enamel formation (through 
age eight for all teeth except the third 
permanent molars). 

The validity of the hypothesis can be 
tested only by carefully controlled experi- 
mental studies“. Several studies of this 
nature are now under way, generally plan- 
ned on an 8-10 year basis, and directed by 
specialized technical personnel. The applica- 
tion of fluoride is made under the super- 
vision of the State Department of Health. 
Dental and medical studies are made of 
children in the community, and another com- 
munity having a similar water supply low 
in fluoride content is studied as a control. 

In the United States, the first experi- 
mental studies of water fluoridation were 
inaugurated in 1945; in January at Grand 
Rapids, Mich., and in May at Newbur, 
N.Y. Both cities employ sodium fluoride 
the source of the fluoride ion. 


Fluoridation Studies Being Made 

In New York State, for example, 
neighboring cities of Newburgh and Kin 
ton are participating in the study. 
city has a population of about 30,000, whi 
is fairly similar as to race and ec 
status. The raw water supplies of the 
cities are very much alike in chemical 
position, that of Kingston containing al 
0.05 ppm. fluoride and that of Newbu 
being treated to contain about 1.0 
fluoride. Composite samples are coll 
daily for fluoride analysis to control 
treatment process. A dental examination 
all children 5 to 14 years of age was 
by the State Health Department at the 
set of the study and is to be repeated 
nually. 
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Fig. 1—Comparison of Tooth Loss at Colorado Springs with “Standardised Rate” 
—(From H. T. Dean) 
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The treatment of a water supply with 
fluoride is a simple procedure. The form of 
fluoride applied is commercial sodium fluo- 
ride. The fluoride content of this salt is such 
that a dose of 1.0 ppm. fluoride ion requires 
the addition of 2.2 ppm. of sodium fluoride 
That is, approximately 18.4 pounds of pure 
sodium fluoride must be used in order to 
provide a dose of 1.0 ppm. fluoride ion 

Sodium fluoride is readily soluble in 
water and is generally applied by means of 
a dry feed device. For relatively small vol 
umes of water, the dry feed device must be 
especially designed to feed accurately at 
low rates. The sodium fluoride is dis 
charged as fed into a minor flow of water 
in a dissolving unit, and the solution flows 
by gravity into the major flow of water 
Water under pressure may be treated by 
using, to apply fluoride solution, one of the 
small chemical solution pumps designed for 
feeding hypochlorite solutions. At one 
treatment plant, hydrofluoric acid is em 
ployed as the source of fluoride 

The test for residual fluoride in water 
is a relatively simple colorimetric pro 
cedure™, based on the Scott modification 
of the Sanchis method. The chloride ion 
does not interfere in this test up to a limit 
of 500 ppm. However, a free available 
chlorine residual is reported to interfere in 
the test for residual fluoride, and methods 
Ihave been devised to reduce this interfer 
#nce. In order to prevent any loss of added 
Muoride by coagulation and filtration, the 
Buoride is added to water following filtra- 
Bion 
Tooth Decay and the Function of Fluoride 

As far back as historical records go, it is 
nown that human beings have been sub 

t to dental disease. Tooth decay is men 
foned in the most ancient of all known 

rorks on medicine, written about 37 cen 
furies B.C.. and probably toothache has 
existed as long as mankind. The control 
of dental caries is the fundamental problem 
if modern dentistry. This problem is com 


plicated by the fact that dental enamel, once 
injured, is incapable of self-repair 

The need for corrective measures is so 
great that the American dental profession, 
now grown to approximately 70,000 prac- 
titioners, finds that dental caries is develop 
ing faster than it can be treated. Of the 
first 2 million men examined for the army 
in the second world war, the chief single 
cause for rejection was dental defects. Dur- 
ing 1941, about 500 million dollars was 
spent for dental services in the U.S. De 
spite this vast expenditure these services 
were rendered to a portion of the popula- 
tion only, the majority of people receiving 
either no dental services or merely extrac 
thons 

While progress has been 
plaining how dental caries occurs, the pre- 
vention of decay still awaits either new 
conceptions or further proof of present 
promising explanations. There have been 
numerous articles published within the last 
ten years which began, “We do not know 
the cause of dental caries.” The authors 
then continued learnedly, but unconvinc- 
ingly, to lecture the reader on the proper 
means to assure protection from this disease 
(cause unknown) The public has been 
advised to utilize vitamins, lime, phosphates 
minerals, chewing gum, quinones, anti- 
biotics, amonia, urea, mouth washes, denti 
frices, tooth brushing, alkaline diets, protein 
diets, uncivilized diets, sugar-free diets, or 
to live an emotionally stable existence. 

On the basis of research carried out near- 
ly fifty years ago, and supported by recent 
investigations, the opinion of the American 
Dental Association appears to be as fol- 
lows’: “Dental caries is caused by acids 
resulting from the action of micro-organ- 
isms on carbohydrates, is characterized by a 
decalcification of the inorganic portion, and 
is accompanied or followed by a disinte- 
gration of the organic substance of the 
tooth.” Certain bacteria, particularly Lac- 
tobacillus acidophilus, have long been con- 
sidered implicated in causing dental decay. 
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It has been considered that small amounts 
of fluoride in water suppress the production 
of acid by this organism, though not neces 
sarily inhibiting its growth”? 

It has very recently been reported, how 
ever, that the formation of acid from carbo- 
hydrates in the mouth is enzymic im nature, 
and that the reaction is extremely rapid in 
nature™. On this basis, it is obvious that 
the decay of teeth is not a long, continual, 
and gradual decalcification, but rather a 
series of intensive reactions. All of the acid 
is derived from the carbohydrate left in the 
mouth, and is not related to the amount 
swallowed. It appears, therefore, that the 
control of dental decay depends upon in 
hibiting the rapid formation of acid 

This can be accomplished by applying a 
chemical which will inhibit the enzyme 
activity and thus correspondingly reduce 
the formation of acid from carbohydrates 
At present the only known inhibitor, which 
is retained for appreciable periods of time, 
is the fluoride ion. This action is not purely 
inhibitory, but is also dependent upon a 
change which is produced in the solubility 
of the tooth enamel. Any other enzyme 
inhibitor must be applied during the in- 
gestion of food or immediately thereafter, 
and is, therefore, not practical 


It is for this reason that the application 
of fluoride to drinking water may con- 
sidered a major step in the control of dental 
caries, because the individual will thus ap- 
ply an enzyme inhibitor constantly, and 
with no additional effort on his part. How- 
ever, the fluoride ion is not considered an 
ideal inhibitor. It is too toxic to apply in 
sufficient concentration to stop all acid 
formation. Thus, only partial inhibiting 
action can be expected within practical lim- 
its of fluoride application. It is quite pos- 
sible, nevertheless, that a 10 per cent re- 
duction of acid formation will prevent 60 
to 90 per cent of dental decay. This is be 
cause it is only necessary to slow down the 
process of acid formation to the extent that 
the normal neutralizing influences in the 
mouth can cope with the situation. 


Official Attitudes 


Up to the present year, the attitude of the 
water works industry toward fluoridation 
treatment was generally in accordance with 
the summary presented by Wolman in 1943, 
and bv his four guiding principles suggested 
in 1947. Briefly, this attitude approved the 
carefully controlled experimental studies, 
but recommended the avoidance of more 
general adoption of fluoridation until the 
completion of the controlled experimental 
studies. 

The American Water Works Assn. in 
1949, gave official acceptance to the practice 
of water fluoridation for the purpose of re- 
ducing tooth decay. A statement of recom- 
mended policy and procedure, approved by 
the Board of Directors of the Association. 
was presented on June Ist at the Annual 
Conference in Chicago by A. P. Black, 
Chairman, Snecial Committee on A.W.W.A 
Policy re: Fluoridation of Public Water 
Supplies. The statement is printed in full 
as an appendix following this article. Official 
sanction by the A.W.W.A. of the practice 
of water fluoridation may be expected to 
have considerable influence on the future 
development of this practice. 


Definition of Terms 


The committee statement explains, but 
does not define. the terms experimental and 
empirical. In the practice of this treatment, 
the following definitions would appear to be 
suitable : 


Experimental Installations: Those in which 
fluoride is applied to water under controlled 





concurrent use of 
fluoride 


conditions, with the 
scientific methods to test the 
relationship 


Caries 
Empirical Installations: Those in which 
fluoride is applied to water under controlled 
onditions, without the concurrent 
scientific methods to test the fluoride 
relationship. 


use of 


caries 


Results of Fluoridation Survey 

Ultimate jurisdiction over the treatment 
of a public water supply is vested in the state 
health authority. It is clear that a program 
f water fluoridation can properly be under 
taken only with the approval of that author 
ity. Accordingly, the general attitude of the 
state in respect to fluoridation will 
have an important influence on the tuture 
development of this practice 


water 


A survey has been made by the author t 
letermine the water fluoridation policy of 
the various state health authorities. A ques- 
tionnaire sent to the Chief Sanitary 
Engineer of cach state, and replies were 
received from all 48 states. The cooperatior 
of these individuals made it possible 
to present a comprehensive summary of the 
status of water fluoridation as of August 
1949 

State Policy: Approximately 40 per cent of 
the states have adopted a definite policy re 
garding the fluoridation of public water 
supplies, and 70 per cent of the states con 
sider the A.W.W.A. Statement of Policy ac 
ceptable. All of the states which may give 
approval to experimental installations, how 
ever, are not willing to approve empirical 
installations. Replies from the 48 
show 


was 


has 


states 


19 have adopted a policy regarding fluoridation 

$3 consider the A.W.W.A. Statement of Policy 
acceptable 

34 may give approval to Experimental 

27 may give approval to Empirical 


nstallat 
installations 

State Procedure: Only one-third of the 
states have adopted a definite procedure re 
garding the fluoridation of public water 
supplies, but 70 per cent of the states con 
sider the A.W.W.A. Statement of Pro 
cedure acceptable. A maximum fluoride ion 
concentration of 1.5 ppm. w per 
mitted by twenty-two states. Replies from 
the 48 states show 


ould he 


adopted P 


msider the A.W.W.A. Statement 
acceptable 

would per a 
would p a 
would 5 ‘ 
would permit a 


maximum l 


maximum of 
maximum of 
maximum of 
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Present Fluoridation Installations: A total 
of 17 fluoridation installations are in opera 
tion in the public water supplies of 9 states; 
each of seven states has one installation, one 
state has two installations, and one state has 
eight installations. Eleven of the installa 
tions are classified as experimental and six 
as empirical. The location of these installa 
tions is shown in Table | 


TABLE I 
Public Water Supply Data 
Fluoridation /nstallations 


Experimental Empirica! 


11 17 


3 fluoridation installations are 
in mstitutional water supplies 
states; all of these are experimental 


A total of 
in operation 


of 2 


1 
ocation ot these installa 


Table Il 


installations 
thor is show! 
TABLE II 


Institutional Water Supply Data 
Fluoridation Installations 
State 


Experimental Empirical! 


Connecticut 


Massach 


setts 


Future Fluoridation Installations: The growth 
water supply fluoridation ts in 
dicated by installations which have already 
been approved by state health authorities ot 
which are now under consideration by them 
\ total of 14 fluordiation installations are 
reported to be already approved, and a total 
f 20 installations are under consideration 
rhe location of these installations is shown 


in Table III below 


ot public 


TABLE Ill 


Public Water Supply Data 
Future Fluoridation Installations 


Already Under 
State Approved Consideration 
Arkansas 1 
Colorado 
Connecticut 
Delaware 
Florida 
Kansas 
Michigan 
New Jersey 
New York 
North Dakota 
South Carolina 
South Dak 
Texas 
Virginia 
Wisconsin 
Wyoming 


roTAl 


Wallace & Tiernan 


Novadel-Agene Chemical Feeder at 
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Effect of Fluoridation 


Grand Rapids, Mich.: It is considered that 
positive evidence of the effect of fluoridation 
in reducing dental caries has not been pro- 
duced in the four and one-half years of ex 
perience at Grand Rapids. The Chief of the 
Public Health Dentistry Section, State 
Department of Health, states‘’’: “I do not 
see how we can obtain any tangible evidence 
from Grand Rapids for another three or 
four years. The children must use the treated 
water during the period of permanent tooth 
formation, which is from birth through eight 
years of age, and these teeth must then be 
erupted into the mouth where they can be 
examined. Only then can any definite con 

be drawn.” 


clusions be 

Newburgh, N.Y.: Dental findings in the 
Newburgh-Kingston project have recently 
been reported by the Chief of the Dental 
Health Section, State Dept. of Health The 
data relate to comparative trends in DMF 
(decayed, missing, filled) teeth of children 
in the group 6 to 12 years of age. Examina 
tions included 3400 children in Newburgh, 
all assumed to have been continuously ex- 
posed to fluoridated water for a period of 
three years, and 2800 children in Kingston 
where the water is not fluoridated 

The DMF experience rate in Newburgh 
averages 30 per cent lower than in Kingstor 
among children of this age group. Rates ol 
DMF experience were found to be simila 
tin the two cities during the first post 
fluoridation year, but to be consistently 
lower thereafter in Newburgh than i149 
Kingston. The major benefit of fluoridation 
is shown by those teeth generally less sub4 
ject to caries attack; the permanent molar 
show an 18 per cent lower DMF experi4 
ence rate, and the incisor teeth a 55 per 
cent lower rate in Newburgh than in Kings- 
ton. Another five years will be required taj 
present a final report 








Newburgh, N.Y. 
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Pediatric findings in the same project 
were reported™’ to show no deleterious 
effect of fluoride intake. The same pediatric 
team has continuously studied 500 children 
in Newburgh the same number in 
Kingston. By means of physical examina- 
tions, laboratory tests, bone X-ray studies, 
and special examinations no detectable dif- 
ferences can be found between the children 
in these two cities. 


Sheboygen, Wis.: The Director of the Di- 
vision of Dental Education, State Board 
of Health, has reported‘” on the third 
post-fluoridation survey at Sheboygan, 
where fluoridation was started in February, 
1946. His survey shows that, in less than 
three years, the DMF rate for kindergarten 
children (5 to 6 years) has been reduced 
28 per cent. The DMF rate for fourth grade 
children (9 to 10 years) has been reduced 
19 per cent. In the opinion of the Wiscon- 
sin State Board of Health, the evidence 
presented demonstrates that artificial fluori- 
dation of a public water supply has reduced 
caries about 20 per cent. 


Leadership in Wisconsin 


Special comment should be made concern- 
ing the growth of water fluoridation in the 
State of Wisconsin, where 3 municipal sup- 
pics are now treated on an experimental 

sis, and 5 on an empirical basis. As of 
August, 1949, approval had been given by 
the State Dept. of Health to 4 more in- 
Stallations, and four others have been sub- 
mitted to the Department for consideration. 
The State Supervisor of Dental Education 
reported that, in addition to the above, or- 
dinances for the fluoridation of water have 
theen approved by 33 municipalities and have 
been introduced, but not yet voted upon, 
by 16 municipalities. 

As early as 1945 the Wisconsin State 
Dental Society adopted a recommendation 
approving fluoridation of water supplies 
deficient in fluorides, providing that the 
—= be under the supervision of den- 
tal, medical, engineering and public health 
personnel. After considerable study this ac- 
tion was approved by the State Board of 
Health in 1946. The policy of the Board 
was modified in 1949 so as to accept em- 

irical installations of fluordination. The 

tate Dental Society has a very active com- 
Mittee on the fluoridation of water which 
ves much time and effort to educational 
scussions before civic groups. This com- 
ittee has been largely responsible for 
al demands that the public water supply 
fluoridated. The favorable attitude of 
te health officiais has, of course, been 
éssential. 


Fluoridation Chemicals 


The fluoridation of nearly all water sup- 
plies is accomplished by the carefully regu- 
lated application of sodium fluoride. The 
commercial salt, having a sodium fluoride 
content of 90 per cent, is generally em- 
ployed. The composition of this salt is such 
that 20.4 Ib. per mil. gal. are required to 
apply 1.0 ppm. fluoride ion. Since many 
natural waters contain some fluoride ion, 
the amount applied must represent the dif- 
ference between the concentration originally 
present and the concentration desired in the 
finished water. 

One water s y employs 60 per cent 
hydrofluoric acid as the source of fluoride 
ion. The liquid is applied from storage tanks 
at several unit wells by means of special 
chemical feed pumps. 

Consideration has recently been given 
to the use of sodium silico-fluoride instead 
of sodium fluoride to supply the fluoride ion. 
The silico-fluoride (Na:SiF.) contains 60 
per cent fluoride ion, while the fluoride 


(NaF) contains 45 per cent. The prices of 
these compounds are such that sodium silico- 
fluoride will supply fluoride ion at about 
one-fourth the cost of obtaining it from 
sodium fluoride. Sodium silico-fluoride is a 
by-product from the manufacture of phos- 
phates from certain phosphat rocks. Its solu 
bility is low (4.7 grams per liter at 2°C) 
and may be a disadvantage in this applica- 
tion, but should present no difficulty where 
the material is applied through dry feed 
equipment which is provided with adequate 
dissolving facilities. The low solubility may 
create a storage and feeding problem where 


First Dry Feeding Installation for Sodium 
Fluoride in U.S.A. 
(Omega Gravimetric Feeder) 


solution feeders are employed. Studies of 
the suitability of this compound should in- 
clude determination of its toxicity by means 
of animal feeding experiments 

M. Starr Nichols, Prof. of Sanitary 
Chemistry, University of Wisconsin, evalu- 
ated related technical data and concluded: 

“From all evidence available to me, it seems 
chemically and physiologically sound to use 
sodium fluosilicate as a carrier of the flu 
oride ion in the supplementation of fluoride- 
deficient waters.” He points out that many 
of the igneous rocks (siliceous in nature) 
contain fluorides, probably as fluosilicates. 
Colorado Springs, Colo., obtains its water 
from the run-off of the Rocky Mountains. 
These mountains are of igneous origin and 
the water supply of the city contains 2.6 
ppm. fluorides. We do not know, but can 
surmise, the natural fluoride content of 
many waters may result from the dissolving 
of fluosilicates. 

His data show both sodium fluoride and 
sodium fluosilicate to produce mottled 
enamel of equal intensity (on the teeth of 
rats) when the intake of each substance 
provided an equivalent amount of fluoride 
ion. Investigators report sodium fluoride 
and sodium fluosilicate to have equal toxi- 
cities when the tolerated dose and lethal 
dose is determined on the basis of fluoride 
ion concentration. 

Milwaukee was first reported to be con- 
sidering the use of sodium silicofluoride 
as a substitute for sodium fluoride. 
It was estimated that water fluoridation 
would cost about 2.75 cents per capita 
per year with silico-fluoride as against 14 
cents with the fluoride salt. The first plant 
scale study of sodium silico-fluoride appears 
to be that at the Sheboygan, Wisc., plant. 
Rhinelander, Wisc., is proposing the use of 
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hydrofluosilicic acid, to be applied by means 
of chemical feed pumps. 


Fluoridation Equipment 


Sodium fluoride, or any fluoride salt, 
must be applied by means of accurate feed- 
ing equipment. Either gt avimetric or volu 
metric dry-feed equipment, or positive dis 
placement liquid- feed equipment having an 
accuracy of 5 per cent is required. The most 
suitable type of equipment will probably be 
determined by the weight cf chemical to be 
applied per hour or per day. 

Special precautions must be taken to pro 
tect the operators from inhaling fluoride 
dust when charging the hoppers of dry-feed 
equipment. It is recommended that the 
hoppers be equipped with dust collectors 
which include bag filters, operate under posi- 
tive aid pressure, and are vented to the 
atmosphere outside the plant. Each operator 
who handles fluoride should be provided 
with his individual toxic-dust respirator and 
use it only when handling that chemical. 
When liquid-feed equipment is used, at least 
two solution tanks must be available for the 
preparation and storage of the fluoride so- 
lution. 

Equipment suitable for feeding sodium 
fluoride may be obtained from the following 
manufacturers and perhaps others: 

Gravimetric loss-in-weight and volumetric 
types of feeders with dust collecting equip- 
ment—Omega Machine Co., Providence, 
R.1.; Wallace & Tiernan Co., Inc., Newark, 
N. 


Volumetric types of feeders with dust 
ee equipment—Infilco, Inc., Chicago, 
Ill 


Positive displacement types of liquid feed- 
ers (diaphragm types )—Proportioneers, 
Inc., Providence, R.I.; Wallace & Tiernan 
Co., Inc., Newark, N.J. 

Positive displacement types of liquid feed 
ers (plunger types)—Proportioneers, Inc., 
Providence, R.I. 

Other types of liquid feeders: Decanting 
type—Liquid Conditioning Corp. Phila- 
delphia, Pa; Constant-head orifice type— 
Infilco, Inc., Chicago, Ill.; Wet chemical 
— Permutit Co., New York, N.Y 

~~ suitable for feeding 60 per 
cent hydrofluoric acid may be obtained from 
the following manufacturer and perhaps 
others: Fluid plunger types of chemical 
feed pumps—Proportioneers, Inc., Provi- 
dence, R.I. 


Financing Fluoridation 


It is obvious that the fluoridation of a 
water supply will increase the utility's 
operating expense and investment cost. 
The total cost is estimated to range from 
5 to 15 cents per capita yer year, depend- 
ing upon the amount of fluoride in the 
supply before fluoridation, the size of the 
community and the per capita use of water 
The cost of fluoridation may be considered 
a proper charge against communal health 
activities since the benefits to be derived 
by consumer bear no relation to the amount 
of water used. This method of financing is 
probably that most widely employed to date. 

However, the laws of the state of Wis- 
consin relating to water charges were 
amended during 1949 to read: 

“The council or board of any town, vil- 
lage or city operating a public utility may, 
by ordinance, fix the initial rates and pro- 
vide for this collection monthly, quarterly, 
or semiannually in advance or otherwise. 
The rates shall be uniform for like service 
in all parts of the municipality and shall in- 
clude the cost of fluorinating the water. The 
charges shall be collected by the treasurer.” 

“In the case of a public water utility, the 
commission shall include, in the determin- 
ation of water rates, the cost of fluorinating 





the water in the area served by such public 
water utility, provided the local governing 
legislative body in which such public water 
utility is situated authorizes the fluorina- 
tion of water in the area primarily served 
by such public water utility.” 


The Topical Application of Fluoride 


A relatively simple technique has been 
developed—for the dental profession to 
apply dilute sodium fluoride solution di- 
rectly to teeth. This method of treatment 
is termed a “topical application” and has 
been studied for more than five years. 
Each treatment involves four visits to the 
dentist, but the technique is simple: The 
first treatment consists of cleaning the teeth 
and wetting them with sodium fluoride solu- 
tion; the second, third, and fourth treat- 
ments require only the application of sodium 
fluoride solution. This treatment has been 
shown to effect a 40 per cent reduction in 
dental caries. The effect lasts from 3 to 5 
years, and it is suggested that the topical 
application be repeated at ages 3, 7, 10 
and 


Needed Research 


Further experimental studies are neces- 
sary to determine the effect of climate and 
geopraphical location as factors in water 
fluoridation. The A.W.W.A. statement of 
policy discusses evidence that a constant 
and uniform fluoride content of 1.0 ppm. 
may be inadequate, where water consump- 
tion is low, and fail to exert the maximum 
protective effect; or may excessive, 
where water consumption is high and re- 
sult in the formation of mottled enamel. A 
recent report indicates that in one com- 
munity in New Mexico fluorosis may result 
from the presence of as little as 0.7 ppm. 
in the water supply. It has been suggested” 
that the technic of fluoridation be refined 
on a seasonal basis for each installation; by 
this method the fluoride concentration 
would be varied in relation to the tempera- 
ture of the locality (and hence the water 
intake) so as to receive the maximum pro- 
tection from caries and the minimum de- 
velopment of mottled enamel. 

It is reported that that free available resi 
dual chlorine interferes with the test for 
fluoride as given in the latest edition of 
“STtanparD METHODS FOR THE EXAMINA- 
TION OF WATER AND Sewace,” and a satis- 
factory method for the elimination of errors 
due to such interferences must be developed. 

The fluoridation of one water supply 
appeared to result in a serious increase of 
cracking in ice manufactured from the 
water. This problem is reported to occur in 
no other municipality practicing fluorida- 
tion and may be due to the exceptionally 
low dissolved solids content (45 ppm.) of 
the particular water supply. 


A Summary of Opinion 


There exists little or no question as to the 
desirability of adding fluoride in the sev- 
eral full scale control studies now under 
way in several municipal water supplies. 
These may be considered careful experi- 
mental studies, and the results will be very 


significant. The present question, difficult 
to answer, concerns the general application 
of fluoride to any water supply deficient in 
this constituent. The terminology employed 
often reflects the point of view of those 
discussing the problem. The addition of 
fluoride has been termed mass medication ; 
more favorably, it has been considered sup- 
plemental treatment; or, even more at- 
tractively, it has been labeled enrichment 
of the water supply. 

No program thus far suggested for the 
reduction of tooth decay, except the use 
of waters naturally containing fluoride, has 


succeeded in delivering any considerable 
proportion of a mass population into adult 
life with an average caries experience rate 
of about three per person and with a com- 
plete absence of decay in approximately 
one-third of a native population. The 
problem of tooth decay is a serious one— 
both from public health and economic con- 
siderations. 

It is true that excessive fluoride con- 
centrations in water can cause mottled 
enamel, and some communities using such 
waters should employ methods for the re- 
moval of naturally present fluoride con- 
centrations. It is equally true that the appli- 
cation of fluoride to a public water supply 
for the reduction of dental decay should 
not prove a difficult problem. Many sup- 
plies are now being treated for clarification, 
taste and odor control, disinfection, soften- 
ing, stability, etc., so that chemical feeding 
equipment and control measures are well 
established and widely used. 


Much of the personnel now responsible for 
water quality is highly trained. It is obvi- 
ous, therefore, that should a program for 

applying fluoride be undertaken, those sup- 

plies now receiving treatment under local 
laboratory control would have no difficulty 
in applying an additional chemical. Most 
of these supplies would require only suitable 
chemical feed equipment to adopt fluoride 
treatment. 


Even though the benefits of the treatment 
are evident from a public health and finan- 
cial viewpoint, it is still prudent to con- 
sider the legal responsibilities that a com- 
munity or private utility accepts when it 
establishes the fluoride treatment of a public 
water supply. An answer to this question is 
provided by Faust of the Michigan Depart- 
ment of Health. The opinion of the 
Attorney General of that State is cited to 
show that, legally, there is no change in the 
responsibility of the water utility which 
applies fluoride to a water supply. Negli- 
gence in treatment which results in damage 
must be shown to establish liability. There 
would be no method by which a consumer 
not injured by, but not sympathetic to, the 
program of fluoride treatment, could pre- 
vent such treatment. 


There would appear to be no conflict be- 
tween the fluoride treatment of a public 
water supply and any individual treatment 
for the prevention of dental caries. If both 
the treatment of water supplies and the 
topical application of fluoride to the teeth 
were employed, there would be ample need 
for all the conventional facilities in the form 
of dental service which can be provided. 
The studies of the Committee on the Costs 
of Medical Care of the A.P.H.A. showed 
that in 1929—at the peak of peacetime pros- 
perity—the individual in the lower half of 
the population from an economic standpoint 
had, on the average, one-tenth of a visit to 
a dentist per year. 


An excellent example of an educational 
program is that of the city of Shebovgan, 
Wisconsin, where water department officials 
assisted in assembling and collecting facts 
for and against the adoption of fluorida- 
tion. The publicity resulted in approval 
by county medical and dental societies, by 
the state dental society, and by the City 
Board of Health. After several sessions of 
discussion an ordinance was passed by the 
Common Council. It authorized and di- 
rected the City Dept. of Public Health. 
upon approval of the State Board of 
Health, to proceed with fluoride treatment, 
using the facilities of the Water Dept.; the 
cost to be paid out of the general fund of 
the city. The State Board of Health ap- 
proved, and its Bureau of Sanitary Engi- 
neering has assisted in fluoridation at She- 
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boygan. The treatment was started in 
February, 1946. 

It has been stated, with good reason, that 
the results of “experiment” or controlled 
studies, at those communities now adding 
fluoride to their water supplies, will be little 
more conclusive than the mass of data on 
those waters naturally containing approxi- 
mately 1.0 ppm. fluoride. These data have 
been accumulated during the past fifty years 
and have been carefully evaluated. There 
is little doubt that artificially applied flu- 
oride (or mass medication, or supplemental 
treatment, or enrichment of the water sup- 
ply) will have an effect differing from that 
of fluoride naturally present. 

Now, while waiting for a little additional 
data (the results from those communities 
where fluoride is applied) to be accumu- 
lated, a generation of children will grow up 
with a high rate of tooth decay. After that 
time, no preventive treatment can be applied 
to their teeth. It is on this basis that the 
city of Madison, Wis., decided to employ 
fluoride treatment while awaiting the re- 
sults of those controlled studies already un- 
der way”. The local authorities con- 
sidered no other method contemplated to 
be so safe, so adequate, and so economical. 

This method of treatment was considered 
safe because not enough water containing 
1.0 ppm. fluoride could be consumed tag 
cause the least harmful effect. It was con 
sidered adequate because every child, r 
gardless of social, economic, or education 
status, would be able to benefit witho 
effort on the part of his parents. And thi 
method was considered economical becaus 
it costs only about ten cents per capita pe 
year. 

Shall fluoride be added to public wate: 
supplies? The answer to this problem wil 
be supplied in part by the results of con 
trolled studies now under way, in part b 
the results of any other known preventiv 
methods, or future discoveries, and in pa 
by local considerations. Do the potential 
benefits of reducing the incidence of toot 
decay warrant a new concept of wate 
treatment for immediate adoption? 
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RECOMMENDED POLICY AND PROCEDURE 
FOR THE FLUORIDATION OF PUBLIC WATER SUPPLIES* 


Statement Approved by the AWWA Board of Directors 


Special Committee on Fluoridation Policy; 
P. Black, Chairman 

In communities where a strong public de- 
mand has developed and the procedure has 
the full approval of the local Medical and 
Dental Societies, the Local and State Health 
futhorities, and others responsible for the 
ommunal health, water departments or 
may properly participate in a 
fluoridation of public water 


ompanices 
program of 
supplies 

The results of several carefully conducted 
epidemiological studies on the relationship 
between fluoride occurring naturally in 
communal water supplies and the prevalence 
of dental caries have demonstrated that the 
presence of 1-1.5 ppm. of fluoride (F) in 
drinking water is associated with a 50-65 
per cent reduction in caries prevalence. The 
discovery of this phenomenon engendered 
the proposal that fluorided be added to com 
munal water supplies as a caries prophy 
jactic measure. This proposal is now being 
Rested in several communities in the United 
States. A preliminary indication of the full 
effect of artificially fluoridated drinking 
Swater on dental caries will not be forth- 
moming, however, until children in the test 
f@reas have used such waters throughout 
the enamelification period of the teeth— 
Dirth through age eight years for all teeth 

gexcent third permanent molars. 

The water industry is being confronted 
with demands for the addition of fluorides 
to water supplies and many utility manage- 
ments need assistance in handling such de 
mands. Although available evidence sup 
ports the hypothesis that fluoridated water 
will be an effective caries preventative, the 
evidence is presumptive. It should be re 
membered, however, that all epidemiological 
evidence is presumptive. The value of pre- 

}sumptive evidence depends directly upon 
the amount and kind of scientific data sub- 
mitted in support or refutation of the hypo- 
Pthesis advanced. 

The water supply industry has always 
Sheen progressive in matters pertaining to 
Ppublic health and welfare. It has initiated 
Hextensive research on subjects pertaining to 
water quality and has been prompt to adopt 
Nnew processes and techniques when these 
Thave been found to improve the quality of 
public water supplies. It has cooperated 
closely with public health agencies. The 
problem of caries control by the fluoridation 
of public water supplies has not followed 
the old patterns which have led to past 
changes and improvements in water supplies 
Whereas public health agencies and the 
water works industry have generally agreed 
upon the changes to be made to produce bet- 
ter community health, the present demands 
for the fluoridation of water supplies are 
coming from the public and the press in ad- 
vance of any final decision among public 
health authorities that artificial fluoridation 
will be effective against dental caries. The 
water works industry recognizes these de- 
mands of the public it serves and wishes to 
cooperate with civic and public health au- 
thorities, from whom it must receive direc- 
tion, in the solution of the problem of re- 
ducing dental caries. 


Lines of Action 
The policy and procedure with respect 
to the fluoridation of public water supplies 


*Reprinted from JAWWA, Vol. 41, p. S75 by 
permission 
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in the light of present knowledge, be 
experi 


may, 
broadly divided into two categories 
mental and empirical. 

1. Experimental. In certain communities 
the fluoride-dental caries hypothesis is being 
subjected to experimental verification under 
acceptable scientific methodology. This pro- 
cedure obviously necessitates the use of a 
nearby “control” city with a water supply 
comparable in all respects to that to which 
fluoride is being added. The personnel en- 
gaged in such studies should include trained 
dental examiners, epidemiologists, biostatis 
ticians, analytical water chemists, biochem- 
ists and other specialists who may contribute 
to the more complete delineation of the ex 
periment. Examples of this type of study 
are Grand Rapids, Mich.; Newburgh, N.Y.; 
Brantford, Ont., and Evanston, III 

One of the factors which further experi- 
mental studies may be expected to reveal 
is what might be termed the climatological 
or geographical factor. It would be highly 
desirable to have a number of additional 
fluoridation studies in different states. These 
experiments should be so distributed geo- 
graphically as to provide specific informa- 
tion on the optimal concentration of fluoride 
needed under particular climatological con- 
ditions. It is quite possible that more than 
1 ppm. might be required in areas having a 
low mean annual temperature, such as the 
Dakotas, while 0.5-0.6 ppm. might suffice 
where climatological conditions are re- 
versed, as in the deep South or the South- 
west 

Additional controlled fluoridation studies, 
properly distributed geographically, would 
give direct proof on such points as: [1] the 
effectiveness of fluoride, [2] the optimal 
fluoride concentration different geo- 
graphical areas and [3] the possible in- 
fluence, on the fluoride potency, of other 
chemical constituents of natural waters, in- 
sofar as these and other variables may 
affect the action of fluoride on the control 
of caries in a human population 

2£E m piri al. An ever increasing number 
of communities are willing to provide the 
cost of fluoridation for the purpose of giv- 
ing anticipated protection to the oncoming 
generation of children at the earliest pos- 
sible time, while awaiting the outcome of 
controlled experiments 

Although it would probably be desirable 
from a sound scientific standpoint to await 
the results of the controlled experiments, 
the large amount of epidemiological evidence 
poses an ethical question. This has been well 
stated by Enslow: “If the process proves 
worthy of adoption sometime hence, a com- 
munity denied fluoridation during any period 
of ‘watchful waiting’ will have fost the 
value of the treatment for such period. 
Neither is it pleasant to contemplate that 
such loss in tooth protection amongst the 
youngsters cannot be made up through sub- 
sequent water treatment.” [From an edi- 
torial in Water & Sewage Works.] 


Policy 

In communities where a strong public 
demand has developed and the procedure 
has the full approval of the local medical 
and dental societies, the local and state 
health authorities, and others responsible for 
the communal health, the water departments 
or companies may properly participate in 
a program of fluoridation of the public 
water supplies. 


for 


- 1950 


Tentative Recommended Procedure 

Recognising that water fluoridation is still 
in the experimental stage, it appears desir- 
able to include as part of this report a state- 
ment of recommended procedure which may 
be helpful from a practical point of view. 


Sec. 1—Handling Fluoridation Requests 


1.1. All requests that fluoride be added to 
the water supply for the reduction of the 
incidence of dental caries, which is a public 
health matter, should be referred to the 
state (or provincial) and local public health 
authority. 

1.2. The water utility is charged with 
supplying water meeting standards adopted 
by the controlling health authority. With 
regard to fluoride, a maximum concentra- 
tion of 1.5 ppm. of fluoride ion may be per 
missible 
Sec. 2—Responsibility for Fluoridation 

Any decision to add fluoride to a water 
supply should be concurred in by the fol- 
lowing authorities and agencies before there 
is any commitment by the water utility: the 
local health department, the state or pro- 
vincial department of health, the local den- 
tists or dental society, the local medical 
society and the local municipal governing 
body, board or council. The approval of 
the state or provincial public utility com- 
mission may also be necessary if the utility 
is privately owned. A ruling should be ob- 
tained from the state attorney general; ob- 
viously only one such ruling will be required 
for each state 


Sec. 3—Liability Involved 


3.1. The water utility may be liable for 
damages caused by the fluoridation of a 
water supply when such chemical is added 
without specific authorization from con- 
trolling health agencies 

3.2. The water utilitv may be liable for 
damages caused by negligence in the appli- 
cation or control of the fluoride. The appli- 
cation of insufficient, as well as too much, 
fluoride might be construed as negligence. 


Sec. 4—Steps in Authorization 


The operating management of a water 
supply utility should begin the addition of 
fluoride in the water supply only after : 

4.1. The governing body of the municipal- 
ity has authorized fluoridation by ordinance, 
and the local and state health authorities 
have approved the addition of fluoride and 
have: [1] established reasonable maximum 
and minimum limits of fluoride, stated in 
parts per million, to be maintained in the 
water supply; [2] approved the type of 
chemical feeding equipment to be installed 
and used; [3] approved the installation of 
equipment, plant layout and methods of 
handling the fluoride compound to assure 
the safety of employees; and [4] approved 
the method of analysis and control to be 
used in determining the fluoride content of 
the water before and after the addition of 
fluoride. 

4.2. The state or provincial public utility 
commission has released, when required, 
any necessary orders—for example, a 
method by which the utility will be reim- 
bused for the expense of fluoridation. 

4.3. The legal counsel of the water de 
partment or company has made a finding 
that all necessary authorization has been 
given to the water utility so that legal 





liability for damages will be limited to 
negligence 

4.4. The board 
governing body of the utility has, by reso 
lution, instructed its proper operating 
officers and employees to add fluoride as 
specifically authorized by the controlling 


health and municipal authorities 


Sec. 5—Disposition of Cost 

5.1. The fluoridation of a water supply 
will increase the utility's operating expens« 
and investment cost. The total cost will 
probably range from 5 to 5c per capita 
per year, depending upon the amount otf 
fluorde in the supply before fluoridation, the 


of directors or similar 


room. (This room may have to be separate 
from the storage space used for other 
chemicals, particularly if containers are 
opened in the room because of the toxic 
nature of the chemical. Special ventilating 
equipment may be required.) 
6.2. Operating costs. The 
ating 
1. Cost of the fluoride, including 
2. Handling labor or stores 
3. Operating labor 
+ Equipment maintenance 
5. Laboratory control costs 
6. Additional insurance costs, if the legal 
counsel of the water utility finds that the 


several oper 
costs are: 

freight 
costs 

costs 


costs 
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dling the chemical. When liquid-feed equip 
ment is used, at least two solution tanks 
must be available for the preparation and 
storage of the fluoride solution. 


Sec. 8—Control 

8.1. Laboratory analysis and _ control 
should follow specific instructions from the 
controlling health authority. 

8.2. Samples must be taken from points 
before and after fluoridation and from one 
or more points in the distribution system, 
determined by the controlling health 
The frequency of sampling shall 
by the controlling health 


as 
authority 
be determined 
authority 


fluoridation of the water supply may subject 
employees to occupational disease hazards 
and the utility to possible damage suits 

7. Investment overhead costs: [1] depre 


of the community and the per capita 
use of water 

5.2. The method by which the o 
fluoridation will be defrayed should be de 
termined before the water utility agrees 
to the treatment 

5.3. When any authority 
utility commission, has 
accounting procedures 
charges, the necessary 
authority should be obtained 

5.4. The cost of fluoridation should not be 
charged to the cost of water works opera 
tion, the benefits to be derived by the 
consumer bear no relation to the amount 
of water used. Although the methods of 
assessing these charges upon the consumer 
will vary with the individual utility, the ‘©,Protect the operators from inhaling flu 
idea should be kept in mind that the cost oride dust when charging the hoppers of 
of fluoridation is a proper charge against the feeders. It is recommended that dry 
communal health activities feeders be equipped with dust collectors 

consisting of bag filters operating under 

Sec. 6—Items of Cost positive air pressure and vented to the out 

6.1. Investment costs. The probable facili- side. Each operator who handles fluoride E 
ties and equipment required to add fluoride should be provided with his individual toxic ~ 1 
are: [1] feeding equipment and [2] storage dust respirator to be used only when han L. 


8.3. The method of determining the flu 
oride content of the water shall be specified 
by the controlling health authority and shall 
ciation expense on structures and equip- be in agreement with the latest edition of 
ment; [2] interest or return on investment Standard Methods for the Examination of 
and [3] taxes, if any, on the assessed value Water and Sewage 
of structures and equipment 8.4. The results of all chemical tests shall 
be recorded on forms approved by the con- 
trolling health authority and by the legal 
counsel of the water utility. Water samples 
for chemical analysis shall be submitted to 
the state health authority at stated intervals 
for control purposes. 

8.5. The tests for the purity of the flu- 
oride chemical used in water fluoridation 
shall have the approval of the state health 
authority. These tests shall include the U.S. 
Pharmacopoeia tests for heavy metals (U.S. 
Pharmacopoeia, XII, page 720) 


Size 


cost 


such as a public 
jurisdiction 
and water 


order from 


over 
rat¢ 


Sec. 7—Application of Fluoride 

7.1. The application of fluoride must be 
made through accurate feeding equipment 
Either gravimetric volumetric dry-feed 
equipment or positive-displacement liquid 
feed equipment with an accuracy within 5 
per cent is required 

7.2. Special precautions must be taken 
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Cost of Water at Stated Rates per 1.000 Gallons 
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THE HYDRAULIC PUMPING RAM’ 


THE increased development of certain 
rural areas for farming and other pur- 
poses has introduced many urgent prob- 
lems of water supply for which effective 
and economical solutions have been found 
in the use of the Hydraulic Pumping Ram, 
a machine which can be manufactured 
quickly and installed with the minimum 
of constructional work. 


The hydraulic ram will work efficiently 
on any fall of water of 3 feet or more, up 
to about 80 feet, and will elevate water 
up to 300 feet. For the highest delivery 
heads however, a working fall of at least 
12 feet is necessary. The following ex- 
pression is useful :-— 


QH 
h 


Where q= water raised, g.p.m. 


h=<height water is raised above 
ram, feet. 


*From the Glenfield Garette—A pee of Hy- 
draulic Engineering; Glenfield and Kennedy, Ltd., 
Scotland. 


Kilmarnock, 


Q=flow of water used by ram, 


g-p.m. 
H=working fall, feet. 
n=efficiency. (Average value 

for rough calculations 0.6). 


Efficiency varies with the different fac- 
tors, particularly with the ratio of the 
length of the drive pipe to the working 
fall H, and falls off if ratio of delivery 
to supply head becomes very great. It is 
recommended that the ratio of the length 
of the drive pipe to the working fall be 
made not much more than 6, with a mini- 
mum length of drive pipe of about 60 
feet. But there is no hard and fast rule 
about this, and many rams are working 
satisfactorily with ratios much greater 
than 6 and with drive pipes much shorter 
than 60 feet. 

The working head can be obtained in 
various ways. If a water fall exists in 
a stream, or if two water sources are 
available at different levels, an inlet can 
be made at the high level and a drive pipe 
of suitable length laid directly to the ram 
situated at the low level. If, on the other 
hand, the hydraulic gradient of a stream 


is to be utilized, a fall can be developed 
in the manner shown in the sketch above, 
in which a feed pipe is taken from an inlet 
to an intermediate chamber built up to 
the same level as the inlet, and from this 
chamber a drive pipe laid to the ram. 
It is very desirable in all cases that the 
drive pipe, which must be of flanged 
cast-iron or screwed steel piping, be laid 
in a straight line with uniform gradient. 
The supply pipe to the intermediate cham- 
ber and the rising main can be laid to 
follow the contours of the ground, al- 
though peaks should be avoided, as there 
is risk of air collecting and impeding flow. 
If a peak cannot be avoided an air valve 
should be fitted at the highest point. No 
peak may rise above the hydraulic 
gradient. 


The hydraulic ram can be “simple” or 
“compound.” The “simple” ram lifts part 
of the water used to drive it, the “com- 
pound” machine is operated by one source, 
as from a stream, and lifts water from 
another source, as from a spring. Direct 
contamination of the spring water by the 
stream water is avoided. 
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Typical Layout of Hydraulic Pumping Ram, When Slope of Stream is to be Developed to Provide a Working Head 


Decimal Equivalents 
of 8ths, 16ths, 32ds, and 64ths of an Inch 





32ds 





Ne = .5625 
ig = .6875 
Me = 8125 
1M, = .9375 


Me = 63125 
% = .09375 
Me = .15625 
Me = .21875 
Ye = .28125 
"Se = 34575 
'%. = 40625 
%e = 46875 


53125 
59375 
65625 
71875 
78125 
84375 
90625 
96875 


G4ths 
Ki, = 015625 
%q = 046875 
%, = 078125 
K, = .109375 








140625 
-171875 
-203125 
234375 
-265625 
-296875 
328125 
359375 
-390625 
421875 
453125 
484575 
515625 
546875 
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FUNDAMENTALS OF CORROSION AND ITS MITIGATION* 


HE Committee to Report on Develop 
ments in our Knowledge of Corrosion 
and its Mitigation was established by the 
N.E.W.W.A. in 1942. The pressure of 
war activities on the membership of the 
Committee prevented any effective work 
during the subsequent years until July, 
1948, when a meeting was held to determine 
its future 
Further discussion led to the conclusion 
that the Committee might partially fulfill 
both objectives by adopting the following 
action : 


course, 


courses of 

1. To prepare a basic report which 
would, insofar as possible, summarize pres 
ent knowledge on corrosion. 

2. Using this basic report as a point of 
departure, to examine critically the new 
developments in the field at such times as 
the Committee considers that sufficient 
evidence is at hand for examination and 
reporting. 

The present 
basic report of 


as the 


report is submitted 
the Committee. 


|. Definition of Corrosion 


In order to carry on adequate — 
of corrosion in the field of water supply, 
is necessary that criteria be established 
that may be used to determine the existence 
and the extent of the problem. Since cor- 
rosion has to do with piping systems and 
water supplies, its existence is recognized 
by its effects on either or both. In general, 
the effects of corrosion on the water sup- 
ply are manifested much sooner than the 
effects on the piping system. This report 
will deal primarily with the corrosion of 
the interior surfaces of piping and will not 
be concerned, except indirectly, with cor- 
rosion of the exterior surfaces due to con- 
tact with various types of soils or to other 
agencies. 

1. Effect on System—Destruction, Tu- 
berculation, Clogging. Corrosion consists 
primarily of the solution of the metal com- 
ponents of the piping system by the action 
of the various substances present in water. 
The continuous solvent action results in a 
weakening of the pipe structure, which 
eventually may manifest itself in many ways, 
such as 

a. Leaks in service lines, mains, domestic 

piping 

b. Leaks in domestic hot water boilers 

c. Corrosion of water meter parts 

Inspection of any piping that has de- 
veloped a leak will reveal the solvent ef- 
fect of corrosive action in the form of pit- 
ting, dezincification, or general reduction in 
pipe thickness. 

Another evidence of corrosion is the oc- 
currence of tuberculation in the piping. 
When certain metals, especially iron, go into 
solution in water, they tend to react with 
the basic substances and the dissolved oxy- 
gen in the water and form insoluble com- 
pounds. These compounds tend to form 
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and adhere to the pipe in the immediate 
vicinity of the point where the corrosion is 
taking place. This precipitate adheres to the 
pipe and accumulates in the form of tu 
bercles. The effect of such tuberculation 
is to reduce the carrying capacity by a de- 
in the effective diameter of the pipe 
and by an increase in the frictional resist- 
ance to flow. Where tuberculation is exces- 
sive, marked reduction of flow and pressure 
will occur, and reduction in flow and pres 
sure in sections of a water supply system 
may be taken as evidence of marked corro- 
sion of the piping system 
Effect on Water. When corrosion of 

piping occurs, the meta! goes into solution 
in the water in the form of charged atoms, 
which are called ions, and therefore the 
presence of these corrosion products in the 
water is evidence of the existence of corro- 
sion. 

a. Soluble 
pounds 

The presence of some metal ions in water 
may be evidenced by visible effects such as 
the presence of sediment, by an increase in 
the turbidity of the water, by a change in 
the color, or by the imparting of a visible 
coloration to an otherwise satisfactory, 
colorless water. 

b. Turbidity, Color 

Where iron pipe undergoes corrosion, 
iron hydroxide is formed, which is usually 
manifested in the familiar form of brown 
iron rust, somewhat fluffy in appearance. 
Occasionally during a heavy draft on the 
pipe or a change in the direction of flow, a 
certain amount of the tuberculation of iron 
hydroxide will be loosened from the main 
and appear in the tap water as a brownish 
sediment. Small quantities of iron in solu- 
tion in a water will impart a turbidity or 
a yellowish color to the water because of 
the presence of iron in colloidal form. The 
presence of high concentrations of copper 
in solution will impart a bluish cast to the 
water. Such concentrations are rather un- 
usual in water supplies, but the addition of 
soap to the water or the presence of a large 
volume of water, as in a bathtub, will tend 
to bring out the bluish color. The presence 
of zinc or lead rarely imparts either color 
or turbidity to a water. 

c. Taste 

High concentrations of metallic ions will 
impart a characteristic unpleasant metallic 
taste to the water. For instance, iron in 
solution imparts a sharp metallic taste in 
concentrations of approximately 0.5 to 2.0 
ppm. ; copper is similarly perceptible in con- 
centrations of about 5 to 10 ppm., and zinc 
in concentrations of about 20 ppm. 

d. Toxicity 

The presence of metallic ions in water 
may sometimes affect the health of the con- 
sumer. Of the various metals commonly 
found in water supplies, lead is the most 
harmful. Concentrations in excess of 0.1 
ppm. are considered unsafe for potable sup- 
plies. Although there is little or no evi- 
dence of damage to health from the presence 
of either copper or zinc in concentrations 
such as occur in water supplies, it has been 
found desirable to limit the concentration of 
copper to a maximum of 3.0 ppm. and of 
zinc to 15 ppm. in potable waters. There is 
no evidence of any physiological effect pro- 
duced by excessive amounts of iron in solu- 


crease 


and Insoluble Metallic Com- 


tion, but its presence is objectionable for 
various domestic purposes in concentrations 
of over 0.3 ppm. 


B. Quantitative Estimation of Corrosion 

1. Methods Available for Measuring 
Corrosion. Measurement of the extent of 
corrosion consists in determining either the 
extent of its action on the metallic piping, its 
effects on the water stored in the pipes, or 
both. 

Quantitative measurement of the extent of 
corrosion of the piping system may be based 
on any of the following methods : 

. Loss of weight of the metal 

b Depth of pitting of the metal in a 
given time interval 

. Change in the friction coefficient of the 
pipe 

. Frequency of required meter overhaul 
and of incidence of failure of domestic 
plumbing fixtures such as hot water 
boilers 

The first two methods are of value in the 
determination of the relative corrodibility of 
various metals and as a guide in the choice 
of the best metal for a given purpose. The 
extent of the penetration of a metal due to 
corrosive action in a given interval of time 
may be used in gaging the probable useful 
life of the metal, and comparison of these 
effects on two or more metals under the 
same conditions of corrosion may be used 
to estimate the relative merit of such metals. 
These methods are of relatively little use in 
the waterworks field, first, because most 
corrosion problems are conc erned with old 
piping systems, and, second, because where 
the choice of new piping is involved the time 
required to carry out such measurements is 
usually not available. Once a piping system 
is installed there is rarely an opportunity 
to remove sections for study of corrosion 
effects. 

In this connection it may be stated that 
the so-called * ‘jar test’”*—in which a small 
section of pipe is allowed to stand in contact 
with a fixed quantity of water for a certain 
interval of time and the results observed, 
usually visually—is not a_ satisfactory 
method for predicting the results that will 
be obtained in actual use. The rapid change 
in the corrosive properties of the water and 
the unusual initial corrosion effects on the 
metal make the jar test of little value. 

The tuberculation caused by corrosive 
action offers a satisfactory means for the 
quantative determination of the extent of 
corrosive action. The effect of tuberculation 
is of course to increase the friction loss 
through the pipe and to reduce the effective 
diameter of the piping. Where it is known 
that the tuberculation is caused primarily 
by corrosion, measurements for the deter- 
mination of the value of “C” in the Williams 
and Hazen formula offer a fair criterion 
of the condition in the mains. However, it 
must be noted that some forms of pipe in- 
crustation are not related to corrosion. 


Where means for such measurements are 
not available, a more qualitative and less 
satisfactory method is to look for corrosion 
and clogging of the meter parts and to note 
the interval between the required cleanings 
of meters. Too frequent clogging of meter 


*Not to be confused with the jar test for determin- 
ing coagulation dosages. 
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gears indicates excessive corrosion. Sim- 
larly, unusually short life of domestic 
plumbing systems such as hot water boilers 
and house piping offers a rough indication 
ot the extent of the corrosive effects of the 
water 

Ihe change in the quality of the water 
between the source and the consumer's tap 
after passage through the various service 
lines offers an indirect measure of the extent 
of corrosion of the various kinds of metal 
lic piping in the system. An increase in the 
content of iron, copper, zinc, or lead in 
dicates corrosive action, and its intensity 
can be estimated by considering the increase 
im metal concentration with respect to the 
time of contact between water and pipe 

The dissolved oxygen content of the 
water can be used as a measure of the ex 
tent of corrosion of iron piping Since 
oxygen 8 a primary agent in promoting 
corrosion and since it is used up in propor 
tion to the amount of iron being dissolved 
the drop in the dissolved oxygen content 
between any two points in a piping system 
is a measure of the extent of the corrosive 
action taking place there 

\ far less satisfactory indication, yet one 
which may be of some value, is the extent 
of the manifestation of some of the effects 
of corrosion on various plumbing fixtures. 
For instance, numerous complaints of green 
stains on white porcelain fixtures is an 
indication of corrosion of copper or brass 
pipe. The presence of excessive iron in 
solution results in numerous complaints of 
brown stains on plumbing fixtures and the 
staining of clothes in the process of laun 
dering. 


2. Evaluation of Anti-Corrosion Treat- 
ments. Where steps are taken to reduce 
the corrosiveness of the water by chemical 
treatment or otherwise, it is essential that 
adequate data be obtained to determine the 
effectiveness of such treatment. As previ- 
ously indicated, the effects of corrosion are 
manifested in various ways and after vari- 
ous time intervals. Whether treatment has 
resulted in a decrease in the corrosion, pit- 
ting, or tuberculation in the mains and serv- 
ice lines can be determined only after a 
period of several months or years. It must 
be borne n mind that when treatment is 
begun, the piping system consists of mains 
and service lines of various metals in 
varied condition with respect to corrosion. 
Some may already be badly pitted or tuber- 
culated; some may be relatively free from 
pits or tubercles; all have coatings of cor- 
rosion products, pipe growths, or organic 
matter of difference densities and protective 
value. Therefore, when the water applied 
to such a system is treated to alter its corro 
sive properties, the manifestation of this 
change in corrosiveness will be varied and 
difficult to evaluate immediately The 
longer the interval of treatment, the clearer 
will be the picture of the relative effective 
ness of the treatment. Where the treatment 
has been accompanied by a program of main 
cleaning, or flushing, some of the immedi- 
ately apparent effects may be due merely to 
such cleaning. Any other steps taken in 
conjunction with the corrosive correction 
treatment, such as elimination of dead ends, 
should also be properly evaluated in the 
overall picture 

In general, the change in the corrosive 
effects of a water on a piping system can 
he evaluated only after a period of pos- 
sibly six months or a year, when a reduc- 
tion in the frequency of the occurrence of 
leaks in service lines, clogging and corrosi« m 
of the meter parts, clopping of piping, or 
loss of water pressure at taps indicates the 
effectiveness of the corrosive correction 
treatment. 

The effectiveness of 


w.& 


the treatment first 


manifests itself in improvement in the con- 
dition of the water as drawn from taps 
throughout the systems. For this purpose it 
is desirable that as an aid in the determina 
tion of the improved water quality certain 
representative taps be chosen with respect 
to the type and condition of the water 
supply lines of the system and samples of 
the water be drawn from them under stand- 
ard conditions of flow for a period of time 
before treatment is begun. After treatment 
has been instituted, additional samples can 
be taken under the same conditions and the 
change, if any, in the quality of the water 
can be noted. Such a sampling progran 
should be well planned as to representative 
samples and be carried out for a sufficient 
period of time before and after treatment 
to give a proper picture of the condition 
of the water. Tests for the various metal 
ions as well as the dissolved oxygen content 
will be especially valuable in this work 


3. Relation of Measurements to Con- 
sumer Complaints. As previously indicated 
corrosive action ts continuously occuring 
when metal piping is in contact with water 
The extent of the action varies with the 
type of piping and the character of the 
water supply. The point at which a water 
is considered sufficiently corrosive to require 
corrective treatment ts quite dependent on 
the particular community concerned. The 
waterworks superintendent is concerned 
especially with corrosion of piping as a 
cause of leaks or breaks that require re- 
pairs, the clogging or corrosion of meter 
parts, and the tuberculation or clogging of 
mains and service lines. The consumer, on 
the other hand, is especially aware of cor- 
rosion as it affects the quality of the water 
Thus the staining of clothes or of plumbing 
fixtures by iron or copper compounds is apt 
to cause complaints to the water department 
The appearance of sediment, such as iron 
rust due to sloughing off of deposits in 
pipes, will cause considerable objection. 
There is usually no close relationship be- 
tween the extent of the corrosive effects, 
the number of complaints, and the conse- 
quent public pressure to require corrective 
treatment of the water supply. Because of 
the variation in public reaction to the effects 
of corrosion, caution must be exercised to 
avoid evaluating the effects of corrosive 
treatment solely on the basis of consumer 
reaction. While the incentive for initiation 
of corrective treatment in many cases comes 
from the reaction of the consumers, con 
sumer opinion is not too reliable an index 
of the effectiveness of the anticorrosion 
treatment. Reduction in the number of com 
plaints about the appearance of the water 
and the staining of clothes and fixtures is 
of value in judging the effectiveness of 
treatment, but the chief relionce should b 
placed on the analytical data concernin« 
the water at the various taps before ard 
after treatment. In any case, a sufficient 
time interval should be allowed before 
deciding on the effectiveness of treatment, 
because, as has already been indicated, 
corrosion is a very slow process and many 
of its effects are not manifested until an 
interval of months or vears has passed 


Il. Fundamental Reactions of Corrosion 


No metal is truly stable in the presence of 
moisture and oxygen, and all metals tend 
toward ultimate conversion to oxides, hy- 
droxides, or salts of the metallic element, 
with consequent destruction of the integrity 
of the metal. There are some metals for 
which this conversion is so slow that it may 
be regarded as substantially non-existent ; 
unfortunately all of these are sufficiently 
rare and expensive to be unavailable for 
general waterworks use. Those metals that 
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are normally within the economic reach of 
the waterworks engineer are all subject to 
corrosion, and the differences among them 
are small compared with the differences 
between them and the so-called noble 
metals. 

The most widely accepted theory of the 
mechanism of corrosion may called the 
electro-chemical theory ; this theory is sup 
ported by an imposing array of observation 
and experiment. It represents the corrosion 
reaction as proceeding in a series of four 
well-defined steps 

Step 1—Anodic Reaction This is the 
release of metal ions, cach carrying one or 
more positive charges, to the water, together 
with the liberation of an appropriate num 
ber of electrons, each carrying a single 
negative charge, to the main mass ot the 
metal. !t takes place entirely on the surtace 
of the metal. It is represented below tor 
some of the common metals, the term ¢ 
signifying an electron 

Iron Fe(metal)-—-~Fe** 
Zine Zn “ ~Zn** 
Lead Pb Pb 
Copper Cu pe 
Aluminum: Al 


Cu 


Ale 


Step 11—Cathodic Reaction The accumu 
lation of electrons in the metal would soon 
stop the action by building up a negative 
charge high enugh to prevent the further 
release of positive ions by sheer electro 
static attraction. However, in the presence 
of water the surplus electrons can be elim 
inated by reaction with hydrogen ions from 
the water. Since the electrons can move 
freely through the metal, the site of this 
reaction is not necessarily limited to the 
same area as that of the anodic reaction and, 
indeed, often takes place at some distance 
from it. The reaction is the same for all 
metals : 


2H* + 2¢ ~He(gas) 


When corrosion takes place in a strongly 
acid solution, the bubbles of hydrogen gas 
can be seen to form and break away from 
the surface of the metal. In all other cir- 
cumstances the hydrogen is removed by 
another mechanism and may possibly never 
exist as a gas in the true sense 


Step 111—Depolarisation. Accumulation 
of the hydrogen film on the metal again 
would break the corrosion chain if it were 
not rapidly eliminated. In the presence of 
dissolved oxygen this elimination takes 
place by the reaction of hydrogen and 
ovygen to form water. The reaction is the 
same for all metals 


2H: + Os ~2He 


Step IV —Reactions of the Metal lons 
Most of the metal ions released to the water 
undergo various reactions with ions present 
in the water. Many of these reactions re 
sult in insoluble products that coat the 
metal and protect it against further corro- 
sion; often the apparent resistance of the 
metal to corrosion is due to the formation 
of such coatings. On the other hand, some 
of these insoluble products crystallize in 
such a highly previous form that they are 
of limited value as a protection; iron rust 
is a good example. The real objective of 
much of the anti-corrosion treatment of 
water is to form impervious coatings of one 
kind or another on the metal by reaction 
with the substances introduced into the 
water. A few of the possible reactions of 
the various metals in natural or treated 
waters are given here: 

Tron: 2Fe** + “Oe + 40H- ~ 2H2O + FesOs 
4HCOxr — 2Hs0 + 


— 2ZnCOs 


“%Oce + 

FeaOs 
4 : + 6oH + 2COs 
3Zn(OH)s (basic zine carbonate) 
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The oxygen concentration 
of flow, which determines 
how fast fresh oxygen is brought to th« 
metal, both exert a great influence on the 
of corrosion. Complete removal of 
dissolved oxygen from water will substanti 
eliminate its power to attack metals in 
pH values. Unfortunately, 
complete removal of dissolved oxygen is 
seldom feasible in waterworks practice 
It the concentration of oxygen varies at 
points along the surface of the metal, the 
areas where the concentration is high be 
come cathodic areas and those where it is 
anodic The attack is concen 
areas, and pitting is 
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Reactions of the Metal Jons 
Corrosion can be stopped very effectively if 
a layer of impervious non-metallic material 
is interposed between the metal surface and 
the water. Obviously such a material—for 
example, asphalt or cement—may be de 
liberately applied to the metal ; the effective- 
of such a coating will depend on the 
imperviousness of the material and the care 
with which it is applied 


Step Ii 


Many of the metals, under suitable con 
will react with components present 
in the water to form impervious films that 
protect the metal from further attack. A 
complete catalogue of such films would be 
a major undertaking, but a few of the more 
common ones may be mentioned here. Films 
made up of oxides or hydroxides of the 
metal are numerous ; aluminum, chromium 
zinc, and iron are familiar examples. Car 
bonates or basic carbonates of the metal are 
also common, such as, for example, those 
formed by zinc and copper. Under special 
conditions, films of metal silicates and phos 
phates or of metals combined with organic 
may he encountered 


ditions 


radicals 

In other cases the protecting film may be 
formed entirely from substances present in 
the water, without much involvement of the 
metal examples are the films of cal 
cium carbonate or silicate produced by cer- 
tain types of anti-corrosion treatment of the 
water and the protection afforded by some 
types of organic compounds 


1ons ; 


These protecting films vary tremendously 
in thickness; furthermore, some are ef 
fective barriers against corrosion when only 
one molecule thick, whereas others are rela 
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most of the observed variability in the total 
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lil. Methods of Mitigation of Corrosion 
A. Self-Corrosion 
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(1) Selection of materials 
(2) The use ot protective 
3) Treatment of the water 


coatings 


Phese treated below 

1. Selection of Materials. Pipe may be 
non-metallic and there are many varieties 
of such pipe available. For the waterworks 
industry, however, only asbestos-cemen 
pipe, concrete pipe (and masonry conduits 
and wooden pipes are at present suital 
and practicable. Of these, wooden pipe 
now used only as wood stave pipe and i 
use in the eastern section of the countr 
is practically non-existent except im son 
watcrpower developments 

Asbestos-cement pipe withstands 
water and soft and corrosive waters, but nol 
acids. It is available for mains only and fo 
such use is an important competitor o 
metallic pipe. It has been found to increas 
the alkalinity and hardness of water whe 
first installed, an effect which graduall 
diminishes but may persist for six month 
or more. Recent methods of manufactur 
have greatly reduced this leaching char4 
acteristic. The N.E.W.W.A. Journal, Vol 
51, No. 3 (September 1937), contains 4 
series of papers on the manufacture, layingg 
and use of asbestos-cement pipe 

Concrete pipe is increasingly used tof 
large mains. The present outstanding ex- 
ample of the use of pipe of this type is the 
Hultman Aqueduct of the Boston Metro- 
politan Supply, described in detail in the 
V.E.W WA. Journal for September 1941, 
page 315 

For service connections and interior and 
other small piping, there are available pipes 
of various corrosion-resistant metals such 
as copper, brass, lead, tin, monel, stainless 
steel, silicon, bronze, nickel-molybdenum- 
chromium-iron alloys, and others 

Copper is highly resistant to corrosion, 
but for very soit waters containing large 
amounts of carbon dioxide, tin-lined copper 
is to be preferred 

Brass pipe containing 85 per cent or more 
of copper (red brass) is highly resistant to 
corrosion. Brass pipe containing © per 
cent or less of copper will dezincify in soft 
waters; 67 per cent copper (alpha) brass 
is fairly resistant. Green stains and precipi- 
tates may appear when copper or brass 
pipe is used with very soft waters contain- 
ing large amounts of carbon dioxide. 


topics are 





Lead pipe should never be used with soft 
waters because of the toxicity of lead salts 
It is suitable for hard waters 

The other corrosion-resistant materials 
noted above are in general tow expensive 
for use as water pipes and are used mostly 
in special work, though silicon bronze is 
used extensively in sewage plants, especially 
for valves, sluice gates, and stop shutters 


& S. W.— Rererence & Data — 1950 





R-98 


2. Protective Coatings. “When pipe ma- 
terial is subjected to corrosive conditions 
to which it is susceptible, some form of pro- 
tective coating may be more economical 
than resorting to a more resistant but more 
expensive material. Since corrosion may 
arise from the fluid conveyed by the pipe, 
from the atmosphere, or from the soil en- 
vironment in the case of a buried pipe, pro- 
tection may be needed either internally or 
externally, or both, depending on circum- 
stances. In the case of internal attack, it 
may be possible to reduce the corrosive 
nature of the fluid conveyed.”* 

Protective coatings and linings for fer- 
rous pipes, valves, and fittings may be (a) 
non-metallic or (b) metallic. 

a. The NON-METALLIC COATINGS 
commonly used are paints, asphaltic or 
bituminous materials, and cement. For 
special purposes, such as the handling of 
chlorine and chlorine compounds, rubber- 
lined pipe is also available. 

(i) Paints, while effective against atmos- 
pheric corrosion, are less so against under- 
water and underground corrosion. There- 
fore they are seldom used for underground 
pipes but rather for ferrous valves and for 
submerged steel structures where galvan- 
izing is not practicable or the expense of 
galvanizing is not warranted. Paints com- 
monly used in waterworks equipment, espe- 
Gially that subjected to. submergence or 
@amp atmosphere, have asphaltic or bitu- 

inous bases often applied over a base coat 

red lead. 
) (ti) Asphaltic or bituminous linings and 
Ratings are made from natural asphalt or 
®oal-tar pitch. They are applied hot by dip- 
ng or by spinning. The A.W.W.A. stand- 

d specifications for cast-iron water pipe 

id fittings cover in detail the approved 

actices of coating cast-iron pipe with hot 
oal-tar pitch varnish by dipping. In water- 
Pos practice no other coating is normally 

pplied to cast-iron pipes. 

Steel pipes with its greater susceptibility 
to corrosion and its lesser thickness as com- 
pared with cast-iron pipe requires, in gen- 
ral, more attention to coating, especially 
the oe coating of submerged or buried 

a For steel water mains the A.W. 

.A. has formulated specifications for coal- 

ar enamed coatings (AWWA 7A;5 and 

A6). 

The corrosion protection provided under 
Bhese specifications is as follows: 
| For the inside of all steel pipe, a coat 
of coal-tar primer followed by a hot coat 

f coal-tar enamel applied either by man- 
al or by mechanical means. 

For the outside of pipe, 30 inches and 
ver to be placed underground, a coat of 
coal-tar primer followed by a hot coat of 
coal-tar enamel and one coat of water- 
resistant whitewash. 

For the outside of steel pipe smaller than 
30 inches to be placed unnderground, a coat 
of coal-tar primer followed by a hot coat of 
coal-tar enamel into which is bonded an as- 
bestos felt wrapper, with a finish coat of 
kraft paper or one coat of water-resistant 
whitewash. 

For the outside of all steel pipe to be 
placed above ground exposed to the weather, 
two coats of synthetic red lead primer (or 
one coat of synthetic red lead primer and 
one coat of synthetic white enamel) and 
one coat of aluminum paint. 

(iti) Cement linings or coatings. Cement- 
lined ferrous pipe and fittings, both cast- 
iron and steel, are used extensively in New 
England. The A.W.W.A. has prepared 
specifications (AWWA 7A.7) for “Ce- 
ment-mortar Protective Coating for Steel 
Water Pipe 30 inches and over” and a 


*“Piping Handbook” by Sabin Crocker. 


most 


similar specification for cast-iron pipe. Ce- 
ment-lined pipe, both steel and cast-iron, 
conforming thereto are commercially avail- 
able. Mains may also be lined in place by 
patented processes. Cement linings have 
the same temporary effect on quality of 
water when first installed as has asbestos- 
cement pipe. A cement lining is not wholly 
impervious to water, but water that pene- 
trates forms an alkaline solution in contact 
with the iron and tends to inhibit corrosion. 
Water of low pH value, however, continu- 
ally reacts with the coating so that cement- 
lined pipe is not suitable for highly acid 
waters. 

b. Metal coatings of ferrous pipe. Of the 
various metallic coatings and linings avail- 
able, the most commonly used in water- 
works are zinc and lead. 

Hot-dip galvanizing is the simplest and 
commonest method of applying zinc to steel 
pipe, and the use of pipe galvanized by this 
method is widespread in interior piping, 
service connections, and to a limited extent 
in small mains. Galvanizing provides rea- 
sonably good protection against atmospheric 
corrosion, but it is a poor type of protection 
with some waters. Zinc is protective be- 
cause it is anodic with respect to iron and 
it is intended to be consumed by corrosion. 
Too long life should not be expected of it. 
ASTM specification A 120-44 covers hot- 
dipped zinc-coated steel pipe. 

Lead-lined pipe and fittings are suitable 
for sea water and weak acids but should 
never be used with soft domestic waters 
because of toxicity. Since lead is cathodic 
with respect to iron, a lead lining must be 
continuous, eliminating any access of the 
liquid to the iron. This necessitates the use 
of flanged joints with the lead lining turned 
back over the face of the flange. 

Other metallic linings and coatings are 
available, but in general they are used 
mainly for protection against atmospheric 
corrosion and their value for water pipe and 
fittings is doubtful. They may be listed 
briefly here. Aluminum may be applied by 

“calorizing,” a process similar to Sherard- 
izing. Copper, nickel, chromium, and cad- 
mium may be applied by electroplating. 
There are also processes or treatments 
which alter the surface of the iron (such as 
Parkerizing, Bonderizing, anodizing, etc.) 
and produce moderately corrosion- resistant 
films of iron oxides or phosphates on the 
surface. 

c. Natural protective coatings. Under 
certain conditions mineral coatings, coatings 
formed by corrosion products, and by those 
formed by organic slime, appear to act as 
corrosion inhibitors. Deposits of mineral 
coatings of calcium carbonate or of sili- 
cates, due to the presence of those sub- 
stances in the water, may occur to retard 
corrosion, and this phenomenon explains the 
lower corrosiveness of hard waters. Ox- 
ides, hydroxides, carbonates, basic carbon- 
ates, silicates, etc., of the metals, formed 
by reaction of dissolved metals with sub- 
stances in the water may form coatings 
which cause a decrease in the rate of corro- 
sion and may ultimately stop it almost com- 
pletely. Organic slimes also retard corro- 
sion, a fact accounting partly for the 
observation that filtered waters are often 
more corrosive than unfiltered. 

3. Mitigation of Corrosion by Treatment 
of Water. There are a number of methods 
of altering the composition of water so 
that its corrosive attack on metals is dimin- 
ished; on analysis, most of these can 
classified under one or more of the follow- 
ing groups: 

a. Treatments that reduce the hydrogen- 
ion concentration of the water. This covers 
the use of the ordinary alkaline agents such 
as soda ash and caustic soda 
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b. Treatments that induce deposition of 
mineral films on the metal. This includes 
treatments to produce calcium carbonate 
saturation, treatments with silicates, and 
probably also the treatments with complex 
phosphates. 

c. Treatments with organic corrosion 
inhibitors. These substances deposit organic 
protective films on the metal; they include 
an enormous range of compounds, from glue 
to complex amines. 

d. Treatment with passivating agents. 
These are strong oxidizing agents that con- 
vert the metal surface to an impervious 
oxide film. 

e. Treatments to remove dissolved gases, 
principally dissolved oxygen, secondarily 
carbon dioxide. 

Items c and d are not applicable as yet 
to the treatment of drinking water, since 
the substances used are toxic or otherwise 
objectionable and yet must be used in mod- 
erately large quantity to be effective. Item e 
is rarely employed in waterworks practice 
because of technical difficulties, although 
removal of carbon dioxide by aeration is 
sometimes practiced as an anti-corrosion 
measure. In this case its value is dubious, 
since the oxygen added may be much worse 
than the carbon dioxide removed. Carbon 
dioxide is also destroyed in process a. This 
leaves us with items a and b as our main 
reliances in corrective treatment of water. 

4. Applications of Methods. In practice 
it is often difficult to separate and evaluate 
methods a and b, since in many waters 
treatment with alkaline reagents of any 
sort will produce supersaturation of the 
water with calcium carbonate, calcium sili- 
cate, or a number of other similar com- 

nds capable of acting as protective films. 
Sowane, in many of the soft waters of 
New England the separation is very well 
defined, since the content of calcium is such 
that no reasonable amount of treatment 
with the sodium alkalies will produce su 
persaturation with calcium salts. In this 
case the two types of treatment can be 
discussed separately. 

a. Treatment to reduce the hydrogen- 
ion concentration or to raise the pH value 
This type of treatment has as its objective 
the slowing of Step JI in the corrosion 
chain by making hydrogen ions less avail- 
able. As previously noted in the theoretical 
discussion, this procedure is relatively in- 
effective in the pH zone from 4.5 to 10.0, 
which covers most natural and treated 
waters. 

The chemicals used in practice are prin- 
cipally soda ash and caustic soda, which are 
added in amounts sufficient to produce a 
desired pH value. The statement above 
regarding the pH zones in which such treat- 
ment is effective has been confirmed by the 
experience of many New England water- 
works operators, who have had little suc- 
cess with this type of treatment. It is much 
more successful in harder waters, but here 
it succeeds through the combination of the 
alkaline agents with the calcium of the 
water to produce protective films. 


b. Treatment to produce deposition of 
mineral films. 

(i) Calcium carbonate films. Water treat- 
ed so as to produce a condition of satura- 
tion or near-saturation with calcium car- 
bonate shows a great decrease in its ability 
to attack metals, although the attack is not 
entirely eliminated. The reduction is due to 
the tend of the water to deposit, on 
the metal, films composed in part of calcium 
carbonate, and in part of carbonates of the 
metal itself. The type of treatment re- 
quired to produce a condition of saturation 
varies with the composition of the water. 
Hard waters may require only the addition 





with moderate 
require only 
low alkalinity 


of soda ash soit waters 
amounts of alkalinity will 
lime, but soft waters of very 
may need both 

The quantitative relationships involved in 
such treatments were developed originally 
by Langelier (Jour. Amer. Water Works 
Assn. 25, 1500, 1936) and extended by him 
and others (Moore, Jour. New England 
Water Works Assn. 52, 311, 1938; Hoover, 
Jour. Amer. Water Works Assn. 30, 1802, 
1938; Langlier, ibid. 38, 169, 1946) to allow 
ation, from the water, 
hemicals needed for treatment. Pre 
Baylis had shown 


required could be de 


calcul analysis of the 
of the c 
vious to Langlier’s work, 
ow the treatment 
termined by testing treated samples against 
carbonates; this is the so-called 
test,” adapted by Enslow for cor 
operation ! stability indi 


calcium 
‘marble 
tinuous with his 
cator 
While the protection against corrosion 
afforded by treatment of water to calcium 
carbor saturation is not absolute, it is 
still t 10st widely used method of con 
orrosion by water treatment. The 
uls used are relatively inexpensive 
1 are already familiar to the waterworks 
operator through their other applications in 
waterworks practice. There are few prob 
lems involved in dosing, and under-or over- 
dosing for short periods has little noticeable 
effect 
(ii) Silicate films. The addition of solu- 
ble silicates (principally sodium silicate) 
to water in sufficient quantities will produce 
ine ipient precipitation of calcium silicate or 
of silicates of the metals in contact with the 
water. The metals will tend to become 
coated wth silicate films, which appear to 
provide good protection. Not so much is 
known of the quantitative relationships in- 
volved in silicate film formation as in the 
formation of carbonate films. However, 
there are numerous instances of successful 
treatment with silicates in which dosage 
has been determined by experience. Dosing 
involves no great problems; the silicates 
are physiologically harmless and the quanti- 
ties required are small 
(iii) Polyphosphate films. The complex 
glass-like sodium phospates so-called meta- 
_ pvro-phosphates—are a comparatively 
» discovery in anti-corrosion treatment 
W he n added to water in relatively small 
quantities, under proper conditions, there is 
no doubt that they will materially reduce 
the rate of attack on ferrous metals. The 
presence on the metal of a film, only a few 
molecules thick, of phosphate-containing 
material, is demonstrated by the appearance 
of “interference colors.” At present this film 
is believed to consist of compounds of the 
polyphosphates with the metal or with 
calcium from the water. The polyphos- 
phates are relatively expensive per pound, 
but the smallness of the dose required al- 
lows them to compete favorably with the 
anti-corrosion treatments mentioned pre- 
viously. The treatment is simple i in applica- 
tion, involves less increase in the mineral 
solids of the water than other methods, and 
has as a consequence been widely adopted 


during the past few years. In beginning 
polyphosphate treatment on old, heavily in- 
crusted piping systems, difficulty has oc 
casionally been experienced through the 
tendency of the polyphosphates to strip off 
the old deposits and disperse them in the 
water. Some care is required in the initial 
application to avoid complaints of turbid or 
red water. 


B. Galvanic Action 

As stated in Section II of this report, 
there is a tendency for each metal to release 
ions to the water in which it is immersed, 
and this tendency is different for the differ 
ent metals. This solution pressure may be 
expressed in terms of electrical voltage. As 
already noted, the metals may be arranged 
in a table in order of decreasing solution 
pressure. Such a table is referred to as the 
“electrochemical” or “electromotive” series 
of the elements. The following series in- 
cludes the metals commonly encountered in 
the waterworks field 


Electrochemical Series of the Elements 

Aluminum 

Chromium 

Zinc 

Iron 

Nickel 

Tin 

Lead 

Hydrogen 

Copper 

Silver 

When two dissimilar metals in contact 

with each other are immersed in water, the 
metal that stands higher in the series will 
tend to release metal ions to the solution, 
while hydrogen will be formed on the one 
lower in the series. With reference to the 
nomenclature used in Section II, the anodic 
reaction occurs on the metal higher in the 
series, and the cathodic reaction on the one 
lower in the series. This results in a flow 
of current through the solution from the 
point where the metal is going into solu- 
tion to the point where hydrogen is being 
plated out and a similar flow of current in 
the opposite direction across the junction 
of the two metals. The metal higher in 
the series undergoes rapid corrosion, while 
the corrosion rate of the metal lower in the 
series is negligible. The entire process is 
spoken of as “galvanic action.” The steps 
in the process are influenced by the same 
factors that were described in Section II-A 
for ordinary corrosion. The extent of gal- 
vanic action is also influenced by the dif- 
ference in potential between the two metals 
undergoing corrosion and by the relative 
area of the two metals. If the area of the 
metal lower in the series (the cathodic area) 
is large compared with the anodic area, 
corrosion will be more extensive because 
there is a large area available for the dis- 
discharge of the hydrogen that is formed. 
The extent of galvanic action is also influ- 
enced by the conductivity of the solution. 
In the case of soft waters of very low 
mnieral content and therefore low conduc- 
tivity, galvanic action will occur only over 
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an area of an inch or so on either side of 
the junction of the dissimilar metals. With 
waters of high mineral content, the area of 
activity may extent somewhat farther. 

The solution potential of alloys differs 
from that of pure metals, and even the proc 
essing of a metal will change the electro 
chemical potential of the sectien of metal 
processed. The oxides of a metal likewise 
have a different solution potential from 
the original metal. Thus mill scale has a 
different potential from the iron of the 
pipe. For these reasons, and because the 
use of dissimilar metals is quite common 
in piping systems, galvanic corrosion is quite 
common. However, as previously stated, 
the effects of galvanic action are usually 
limited to a small area in the vicinity of 
the junction of the dissimilar metals and the 
extent of galvanic action is minimized by 
all of the various factors that were pointed 
out under the discussion of corrosion. 

Galvanic action can be kept at a minimum 
by using the same metal as far as possible 
throughout the piping system. For example, 
the use of brass faucets, bronze valve bodies, 
and brass or bronze fittings with iron pip- 
ing should be avoided. Where dissimilar 
metals are absolutely necessary, the choice 
should be metals as near together in the 
electromotive series as possible. There have 
been attempts to reduce the effects of gab 
vanic action by the insertion of a short se 
tion of non-conducting piping, such 
plastic or hard-rubber piping, between s 
tions of dissimilar metal piping. This pr 
cedure will eliminate galvanic action, b 
it adds materially to the cost and complex 
ity of installation. 


C. Stray Current Electrolysis 


Stray electric currents may produce cor 
rosion in underground pipes. Under norm 
conditions only direct currents will produc 
such corrosion. In a direct-current railwa 
system and in the distribution of di 
current electricity, one side of the syster 
is grounded. If there are defective ground 
or defective bonding of the rails of streetca 
lines, some current will find its way bac 
to the substation or power station throug 
the earth, and in seeking the path of leas 
resistance current may enter an under 
ground pipe at one point and leave it agai 
at another. Since the pipe at the points o 
areas where such stray currents leave th 
pipe is anodic to the earth, corrosion wil 
occur at those points. It may he severe 
The remedies consist of providing mor 
direct paths—paths of lower resistance 
back to the station. Among these remedies 
the following may be noted: (a) for street- 
car systems: the use of a two-trolley sys- 
tem, thorough bonding of the rails, the use 
of heavy pipe covering to serve as an in- 
sulator in the vicinity of the substation or 
power plant, insulation of the pipe joints, 
and the use of drain cables to take the 
current off the pipe; (b) for ground con- 
nections to water pipes: careful checking 
of all grounds of electric, telephone, and 
radio systems to see that they have no 
potential and therefore carry no current. 
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ALKALINITY EQUIVALENTS 


A MONG the mineral compounds present in natural waters, 
Calcium Carbonate is the most ubiquitous. Partly for this 
reason and partly because its molecular weight at the time, was 
thought to be exactly 100, this compound was chosen as the 
standard to be employed in the measurement of alkalinity and 
hardness. 

With more accurate determination of atomic weights, the 
molecular weight of Calcium Carbonate is now assumed to be 
100.08. Very obviously, tables earlier prepared under the as- 
sumption that the molecular weight was 100 will have a small 
and not entirely negligible error if the true weight be 100.08 
The accompanying table, based upon the newer molecular weight 
of 100.08 for Calcium Carbonate, are arranged in such manner 
as to facilitate comparisons against other substances having dif 
ferent values of alkalinity. These values are presented as being 
more accurate than those appearing in earlier tables computed 
on the old 100 molecular weight value assumed for Calcium 
Carbonate 

A brief explanation of how the tables may be used follows 

In the sixth caolumn, sixth line, the unity of Calcium Car- 
bonate may be compared directly against every other factor in 
the column. For instance, one part of alkalinity, due to Calcium 


Carbonate, is the exact equivalent, in alkalinity value, to thar 
which would be imparted by 1.6196 of Calcium Bicarbonate; 
0.7403 of Calcium Hydroxide; 0.8424 of Magnesium Carbonate ; 
1.0590 of Sodium Carbonate (dehydrated), etc. 

Along the line, right or left, a different comparison may be 
made. The molecular weight, for instance, of Calcium Bicar- 
bonate, is in excess of that of Calcium Carbonate. Therefore. 
it takes more Calcium Bicarbonate to produce a given alkalinity 
than it does of Calcium Carbonate, and it is found that for an 
equal weight of Calcium Bicarbonate the alkalinity value as 
compared against Calcium Carbonate is only 0.6174 parts. On 
the other side an equal weight of Calcium Hydrate will have 
an alkalinity value of 1.3506 parts; Sodium Hydroxide 1.2508— 
and so on 

From the foregoing it is seen that the compounds in these 
tables may be compared in two different ways against the Cal- 
cium Carbonate Standard for alkalinity, or against any other 
compound in the table. For instance, under the heading Sodium 
Hydroxide (NaOH) it is noted that one part is equal in alka- 
linity value to 1.3247 parts of Sodium Carbonate (Soda Ash) ; 
and, further, that one part of Sodium Carbonate is only equal 
to 0.9442 parts of Calcium Carbonate in raising alkalinity values 


ALKALINITY EQUIVALENTS* 


Al, (OH). 
1.0000 
2.9494 
3.2959 
1.0785 
1.4250 
1,9247 
3.1174 
0.7754 
1.1219 
1.6216 
2.8143 
1.1922 
1.5387 
2.0385 
5.5033 
3.2312 
2.1028 


Formula 
Al.(OH). 
BaO 
Ba(OH), 
CaO 
Ca (OH ) 2 
CaCO, 
CaH, ( CO,) . 
MgO 
Mg(OH), 
MgCO, 
MgH,(CO,) , 
Na,O 


Compound 

luminum Hydrate .. 

arium Oxide 
Barium Hydrate 
Calcium Oxide 
Calcium Hydrate 
ers Carbonate 

alcium BiCarbonate 
Magnesium Oxide 
(Magnesium Hydrate ........ 
Magnesium Carbonate .... 
Magnesium BiCarbonate .. 
Sodium Oxide 
Sodium Hydrate ............ NaOH 
‘Sodium Carbonate Na,CO, 
‘Sodium Carbonate, Hydrated. NaCO,,10H,0 
Sodium BiCarbonate NaHCO, 
*Tri-Sodium Phosphate .... Na-PO, 
Tri-Sodium Phosphate, 


“= "SST NaPO.12H,O 4.8747 


MgCO, 
0.6166 
1.8187 
2.0324 
0.6650 
0.8787 
1.1869 
1.9223 
0.4781 
0.6918 
1.0000 
1.7354 
0.7352 
0.9488 
1.2570 
3.3936 
1.9925 
1.2967 


Formula 
Al.(OH). 
BaO 
Ba(OH), 
CaO 
Ca(OH), 
Caco, 
CaH,(CO,). 


| Compound 

Aluminum Hydrate ... 

Barium Oxide 

Barium Hydrate 

Caleium Oxide 

Calcium 

Calcium Carbonate 

Calcium BiCarbonate 

Magnesium Oxide 

Magnesium Hydrate 

Magnesium Carbonate 

Magnesium BiCarbonate .... 

Sodium Oxide 

Sodium Hydrate NaOH 

Sodium Carbonate Na,CO, 

Sodium Carbonate, Hydrated. NaC0O,,10H,0 

Sodium BiCarbonate 

Tri-Sodium Phosphate 

Tri-Sodium Phosphate, 
Hydrated : . Na.PO.12H,0 


* Prepared by the late C. Arthur Brown, of Lorain, Ohio. 


MgH;, (CO), 
Na.O 


3.0059 
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BaO Ba(OH), CaO Ca(OH), CaCO, 
0.3390 
1.0000 
1.1174 
0.3656 
0.4831 
0.6525 
1.0569 
0.2629 
0.3803 
0.5498 
0.9541 
0.4042 
0.5217 
0.6911 
1.8658 
1.0955 
0.7129 


1.6527 


(COs)>» 
0.3553 
1.0480 
1.1711 
0.3832 
0.5063 
0.6839 
1.1076 
0.2755 
0.3986 
0.5762 
1.0000 
0.4236 
0.5467 
0.7243 
1.9554 
1.1481 
0.7471 


1.7320 


CaH, 
(CO,); 
0.3207 
0.9461 
1.0572 
0.3459 
0.4571 
0.6174 
1.0000 
0.2487 
0.3598 
0.5201 
0.9027 
0.3824 
0.4935 
0.6538 
1.7653 
1.0364 
0.6745 


MgO Mg(OH), 
1.2896 0.8913 
3.8035 2.6289 
4.2503 2.9377 
1.3908 0.9613 
1.8376 1.2701 
2.4821 1.7155 
4.0202 2.7786 
1.0000 0.6911 
1.4468 1.0000 
2.0912 1.4454 
3.6293 2.5085 
1.5375 1.0627 
1.9843 1.3715 
2.6288 1.8169 
7.0969 4.9052 
4.1669 2.8800 
2.7118 1.8743 


0.3034 
0.8948 
1.0000 
0.3272 
0.4323 
0.5839 
0.9458 
0.2352 
0.3403 
0.4920 
0.8538 
0.3617 
0.4668 
0.6184 
1.6697 
0.9803 
0.6380 


0.7017 
2.0697 
2.3128 
0.7568 
1.0000 
1.3506 
2.1876 
0.5441 
0.7873 
1.1379 
1.9749 
0.8366 
1.0798 
1.4305 
3.8619 
2.2674 
1.4756 


0.5195 
1.5323 
1.7123 
0.5603 
0.7403 
1.0000 
1.6196 
0.4028 
0.5828 
0.8425 
1.4621 
0.6194 
0.7994 
1.0590 
2.8592 
1.6787 
1.0925 


0.9271 
2.7734 
3.0559 
1.0000 
1.3212 
1.7845 
2.8904 
0.7189 
1.0402 
1.5035 
2.6094 
1.1054 
1.4267 
1.8900 
5.1025 
2.9958 
1.9497 
3.4207 2.5326 1.5636 6.2863 4.3449 


1.4790 4.5197 


Na,CO,, Na.PO, 
10H,O NaHCO, Na,PO, 12H,0 
0.1817 0.3094 0.4755 0.2151 
0.5359 0.9128 1.4025 0.6050 
0.5989 1.0200 1.5672 0.6761 
0.1959 0.3337 0.5128 0.2212 
0.2589 0.4410 0.6776 0.2923 
0.3497 0.5956 0.9152 0.3948 
0.5664 0.9647 1.4824 0.6395 
0.1409 0.2399 0.3687 0.1590 
0.2038 0.3472 0.5334 0.2301 
0.2946 0.5018 0.7711 0.3326 
0.5113 0.8709 1.3382 0.5773 
0.2166 0.3689 0.5669 0.2445 
0.2796 0.4762 0.7317 0.3156 
0.3704 0.6308 0.9693 0.4181 
1.0000 1.7081 2.6169 1.1289 
0.5871 1.0000 1.5364 0.6628 
0.3821 0.6504 1.0000 0.4313 


Na,CO, 
0.4905 
1.4468 
1.6168 
0.5290 
0.6990 
0.9442 
1.5292 
0.3803 
0.5503 
0.7955 
1.3806 
0.5848 
0.7548 
1.0000 
2.6996 
1.3850 
1.0815 


Na.O 
0.8387 
2.4737 
2.7643 
0.9046 
1.1952 
1.6143 
2.6146 
0.6503 
0.9409 
1.3601 
2.3604 
1.0000 
1.2906 
1.7097 
4.6157 
2.7100 
1.7637 
2.3913 0.8857 1.5078 2.3181 


4.0885 1.0000 
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CORROSION CONTROL BY THRESHOLD TREATMENT“ 


PPROXIMATE 

use of Calgon for corrosion control 

was introduced to the American publi 
rhe mall amount of inhibiter required 
met fancy of the works 
use of Calgon for corrosion 
has had quite general 


What Is Calgon? 
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There is quite a 
chemical and the physical reactions 
which at first may seem to he 
A strong solution of ¢ 
metals 
a solvent 
ticularly true of iron and steel 
lution tank slight 
asked how this can happen when 
a small concentration is being used 
to protect the system. However, the dilute 
solution loses this chemical solvency 
which will be gone into later in more de 
tail and assumes surface active properties 
which result in the laying down of the 
protective film. It is these physical or 
surtace active properties of ( 
are primarily 
works men 


betweet 
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which we interested as 
water 

Calgon is being used to prevent the lay 
ing down of calcium scale hard water 
districts, but in New England where 
ters are relatively soft, little use of 


property is anticipated 


wa 
this 


Another use for iron control in well 
water supplies containing ferrous iron 
which later precipitates on standing or in 
the presence of air. A number of systems 
in New England are using Calgon for this 
purpose and are obtaining « 
water 


lear, colorless 
Corrosion Control 
The 


rosion 


main use, however, will be in cor- 
control. Here we are using a prin- 
ciple almost as old as the use of metallic 
pipe itself. Most corrosion control de 
pends upon the formation of a protective 
ee or film or of making a protective 
coating such as the metallic oxide more 
stable or adherent. These steps require 
the altering of the composition of the 
water itself, and particularly in the case 
of the protective scale close chemical con 
trol is required to prevent too rapid a 
build-up in the first part of the system 
and yet get some protection at the end 

From a practical standpoint such con- 
trol becomes impossible and a compromise 
is necessary. Such a compromise is one 
which does not give the desired protection 
but which likewise does not result in 
plugging up the system too rapidly. Some 
protective coatings can be applied me- 
chanically with the systems out of service 
or before the pipe is installed, and as 
these coatings are uniform in thickness 
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Factors Involved 

One factor involved in applying Calgor 
to a distribution system is the flow or rate 
at which the Calgon is supplied to the 
metal surfaces. The lower the flow throug! 
a given distribution system, the higher the 
Calgon concentration should be to insure 
naintenance of the protective film. This 
is a very definite relationship and it has 
been shown that if ten pounds of Calgon 
per day will protect a system at a certain 
flow the same quantity of chemical will 
protect the system should the flow in 
crease fifty per cent. On the other hand 
if the original flow should be decreased 
fifty per cent, it is quite likely that ten 
pounds of chemical will be required pet 
day, all other factors remaining the same 

\ second factor, that of surface of the 
system, fits right in with the flow factor, 
as, of course, the Calgon requirements 
would be based on a ratio between the 
flow and the surface involved. The sur 
face of the system, however, would in 
clude not only the metal but the presence 
of rust and other suspended or dispersible 
solids that are present in the system. With 
rust and tuberculation in a system a 
higher feed of Calgon would be required 
it the beginning, and perhaps flushing 
should be employed during the starting up 
period to remove such of this material as 
is dispersed by the chemical 

A third factor involved in corrosion 
control is the presence of various salts in 
the water. From a practical standpoint 
this factor is taken care of quite satisfac- 
torily, but by understanding the principle 
involved a better endaneanadiine of the 
formation of the protective film will be 
obtained. This protective film, which is 
depended upon for corrosion control, will 
not be formed in a distilled water system, 
However, upon the addition of calcium salt 
to the distilled water the protective film will 
form and can be maintained. Other salts 
such as those of iron react similarly. As 
calcium salts are present in natural waters 
this factor does not have to be considered 
unless excessively high feeds are contem 
plated, inasmuch as sufficient of these salts 
will be present to satisfy the requirement 
It is only necessary to have the calcium 
content of the water one-quarter that of 
the Calgon concentration to obtain a good 
protective film formation. Thus with a 
normal feed of 2 ppm. of Calgon, the cal 
cium (as Ca) content of the water would 
have to be at least 0.5 ppm. However. to 
feed 200 ppm. of Calgon for rapid film for 
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To Prevent Iron Precipitation 

The use of Calgon for 
iron precipitation in well waters is 
ably the most spectacular use as 
the consumer is concerned. There 
number of well water supplies which con 
tain small amounts of tron which can 
make the water look bad. It would be 
uneconomical, however, to construct an 
iron removal plant considering the quan 
tity of water distributed from such wells 
As a usual thing, the iron present in these 
well waters is in the ferrous state which 
precipitates on standing as hydrous ferric 
oxide. The same is also true where man- 
ganese is present 

Unlike corrosion control where the 
chemical did not have to be proportioned 
to the flow or the constituents of the 
water, in controlling iron and manganese 
there is a definite relationship between 
the amount of these salts and the Calgon 
required. For some industrial waters 
equal parts of Calgon to the total iron 
and manganese content will prevent pre- 
cipitation and allow some color to de- 
velop. For domestic water, however, Cal- 
gon concentration of at least twice the 
iron and manganese concentration is ad- 
visable and four times the concentration 
is quite desirable when a minimum of 
color is desired in the hot water system. 
Water treated with four parts of Calgon 
for every part of iron and manganese can 
be used for normal household purposes 
without showing the presence of iron 

Likewise various persons have reported 
an improvement in the taste, although the 
absence of color may influence them 
greatly in this observation. There is no 
limit except economy to the amount of 
iron which can be kept in solution by Cal- 
gon. Numerous industrial installations 
are using Calgon to hold up 4 to 5 ppm. of 
iron, and there are quite a number of 
domestic water supplies where the iron 
content of 0.5 to 1 ppm. is maintained in 
solution 

In using Calgon for the prevention of 
iron and manganese precipation it is only 
necessary to use the proper quantity and 
to feed it to the system before air or chlo 
rine is introduced. This usually means 
feeding the chemical to the suction side of 
the well pump if it is possible to do so. If 
wide variation in the flow is encountered 
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the Calgon should be fed to take care of 
the maximum flow or else a proportioning 
system used. 
To Test Effectiveness 

It is possible to take two test tubes con- 
taining a water in question, drop a nail in 
each of them and a little Calgon in one, 
shake them up, let them stand over night, 
and observe the difference in the morning 
as a means of determining Calgon effec- 
tiveness. The best way to test the Calgon 
and sometimes the cheapest way is to add 
the proper amount to the system for a 
period long enough to obtain acceptable 
analytical results. By following the iron 
or dissolved oxygen content of the water 
at various ends of the system and com- 
paring these results with the analyses of 
the water as it enters the system gives an 
excellent indication of how corrosion is 
being controlled. For larger systems 
where this would not be feasible a small 
quantity of the water can be treated and 
observations made either by using weighed 
sections of tubing or by measuring the 
iron or oxygen content before and after 
passing through this pilot plant type setup. 

Inasmuch as flow is an important fac- 
tor, an adequate amount of water should 


be used, and an attempt should be made 
to simulate the flow in the distribution 
system. A test like this carried out over 
an extended period of time will clearly 
indicate whether or not Calgon will give 
the desired results. 


Batch Tests 

Where batch type tests are desired it 
should be assumed that the test is to de- 
termine whether or not the protective film 
can be laid down on the type of metal 
under consideration. Such tests are usual- 
ly for a relatively short period by their 
very nature. We suggest, therefore, the 
preformation of the protective film on the 
test specimens by agitating them in a solu- 
tion containing several hundred ppm. of 
Calgon in about one liter of solution. In 
this case the calcium content of the solu- 
tion should be at least one-quarter of the 
Calgon content. Either air or mechanical 
agitation may be employed. 

The length of time required to obtain 
this film in equilibrium is not very great 
and approximately one hour should be 
sufficient immersion time. Thereafter the 
natural water should be used and any loss 
in weight of the specimen or any pickup 
of iron or other metallic salts by the water 


should be noted. The volume of water 
used for this test should be at least 20 1. 
and the Calgon concentration should be 
at least 5 ppm. Mechanical agitation 
should be employed although equally sat- 
isfactory results have been obtained using 
air for agitation; but the bubbling of air 
through the water will, of course, tend to 
change its properties. 

If 5 ppm. or even 10 ppm. gives the de- 
sired result this does not mean that the 
concentration will have to be that high to 
achieve protection of the system. The 
Calgon feed should be such as to insure 
having 0.5 ppm. of unreverted phosphate 
in the water at the ends of the system. 
Where dead ends are not troublesome or 
where the water is not excessively corro- 
sive and protection of the consumers’ 
equipment is not to be considered, a 
slightly lower residua! would be effective 
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SOLUTION FEED CONTROL 


WITHIN the past tew years there has been a rapid increase 
in the use of solution feed equipment for pressure filters, 


T. M. RIDDICK 


Consulting Engr. and Chem. 
New York City 


sketch.) 


sludge or chemicals which have not completely dissolved. 


This location prevents clogging of the feed line by 


(It is 


and small water supplies with pumping rates of less than about 
700 GPM. This trend now fills the long-felt need for apparatus 
of a capacity below that of standard dry feed machines or 
vacuum-type chlorinators. These feeders are of diaphragm or 
piston type and discharge roughly a maximum of 250 mi. per 
minute for single units, with duplex rating of approximately 
twice this figure. Experience with both plunger and diaphragm 
pumps, operating under a negative head, emphasizes the possi- 
bility of flow stoppage due to clugging of suction or discharge 
lines, loss of prime through air leakage, air binding, etc. If 
the machine is fed by a 


better to have this cock installed at the factory, since the hole 
may be drilled more readily at the shop than in the field.) 


The gauge glass is made by drawing down one end of heavy- 
walled Pyrex tubing of 38 mm. diameter, The tube, as pictured, 
is calibrated at 25 ml. and number marked at 100 ml. intervals. 
However, it may be graduated at intervals of 10 ml. with no 
overcrowding of division lines. The gauge glass enables the 
operator to observe the height of solution in the crock without 
close inspection, and also affords a means for measuring the 
t of solution used daily since the tube calibration may be 





suction hose extending over 
the rim of the solution 
crock it is most inconven- 
ient and difficult to judge 
at what rate the solution is 
being added, and whether 
the discharge is constant 
A new type of solution 
feed arrangement is shown 
in the accompanying draw- 
ing. It has been used with 
excellent success by the 
writer 
The crock illustrated is 
a fifty-five gallon stone- 
ware pot of substantial 
construction. The dtain- 
cock can be furnished as 
standard equipment andl 
provides an easy way of 
drawing off sludge which 
will in time accumulate 
from commercial chemi- 
cals. Six inches above the 
center line of the drain- 
cock is placed a_ three- 
h inch three-way hard 
r cock and T. (See 
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Kate Checking Solution Feed 
Arrangement 


interpreted in terms of gallons of crock capacity, or pounds 
of chlorine, alum, ferric-chloride, etc. 


In order to ascertain the specific rate of feed, it is only 
necessary to turn the threeway cock 180 degrees. This causes 
the solution to be drawn from the gauge glass instead of from 
the crock, and by noting the time (in seconds) required for a 
drawdown of say 100 ml., or, by observing the drawndown in 
ml. for a period of one minute, the rate of discharge of the 
feed machine can be accurately established. 


It also serves as a very ready method for determining whether 
or not the machine is feeding at all. For instance, clogging of 
the feed line often occurs when using chemicals shipped in 
burlap bags, due to small threads which pass into the crock 
when bags are emptied. 

The gauge glass is held in place by two copper or monel 
straps, which secure it to the solution pot. 

It is advisable to attach a high speed mixer to the crock 
te assixt the operator to quickly and easily prepare solutions. 
When hypochlorites or ferric salts are used the shaft and 
propeller of the mixer should be coated with rubber or heavy 
bituminous enamel. 

The cost of the equipment is negligible when considering the 
operating facilities afforded. 





Yo PROPORTIONEERS, INC. % 


Providence 1, Rhode Island 


REPRESENTATIVES AT: 


ATLANTA, GA. DETROIT, MICH NASHVILLE, TENN. ST. PAUL, MINN. 
ELYRIA, OHIO UE. . LA. SALT LAKE CITY, UTAH 
HOUSTON, TEXAS ow RK, N. Y. SAN ANTONIO, TEXAS 

3 HUNTINGTON, W. VA. ; Y 4 SAN FRANCISCO, CAL. 

BRADFORD, PA. KANSAS CITY, MO. OAK HARBOR, OHIO SEATTLE, Wass. 

CHARLOTTE, N. C. LOS ANGELES, CAL. OMAHA, NEB ee sk 

CHICAGO, ILL. LOUISVILLE, KY PHILADEL PHIA. PA. TAMPA LA. 

CLEVELAND, OHIO MIAMI, FLA. PITTSBURGH, PA. 

DAYTON, OHIO NEW DURHAM, H RICHMOND, VA. TULSA. OKL: 

DENVER, COL. KINGSPORT, TENN. ST. LOUIS, MO. WASHING TON, D. Cc 

DES MOINES, IOWA 


CHEMICAL FEEDERS FOR WATER AND SEWAGE TREATMENT 


DIAPHRAGM AND PLUNGER TYPE LIQUID PROPORTIONING PUMPS. 

MOTOR DRIVEN AND HYDRAULICALLY OPERATED MODELS. 

MANUALLY ADJUSTABLE AND AUTOMATIC PROPORTIONAL UNITS. 
DESIGNS FOR HIGH OR LOW PRESSURE. 


y 


Heavy Duty Chem-O-Feeder Duplex Chem-O-Feeder Triplex Chem-O-Feeder 
0-8 gal./he. 0-16 gal./hr. 0-24 gal./hr. 
0-100 Ibs./sq. in. 0-100 Ibs./sq. in. 0-100 Ibs./sq. in. 


eB a e 





High Pressure Midget Low Pressure Automatic and High Pressure Automatic and 
Chlor-O-Feeder Proportional Chem-O-Feeder Proportional Chem-O-Feeder 
0-6 gal./hr. 0-5 gal./hr. 0-5 gal./hr. 
30-200 Ibs./sq. in. 4-100 Ibs./sq. in. 30-200 Ibs./sq. in. 





%oPROPORTIONEERS% CHEMICAL FEEDERS ARE AVAILABLE TO HANDLE 
PRACTICALLY ALL SOLUTIONS FED IN WATER AND SEWAGE PLANTS: 


@ Hypochlorite, chloramine and chlorine dioxide for @ Dilute and concentrated hydrochloric, sulphuric, and 
sterilization, and control of taste and odor. phosphoric acids for alkalinity reduction. 


@ Ferric chloride, ferrous salts and alum for coageu- @ Calgon, polyphosphates and silicates for red water 
lation. control and scale prevention. 


@ Lime, caustic soda and soda ash for acid neutrali- @ Sodium fluoride, sodium silico beer ie dy ae hydro- 
ration. fluoric acid applications for fluoridati 


@ Almost any other chemical solution for water and 
sewage treating. 


Oe ge eS ee The experience and know-how 
goined in over 28,000 i Hheti are without obligation. Write for Bulletins. 


%PROPORTIONEERS, INC.%, 376 Harris Avenue, Providence 1, R. |. 
CHEMICAL FEEDER HEADQUARTERS 
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Chore i nothing Like NONADING 


GLASS COLOR STANDARDS 


THE FOUR MAJOR TYPES OF HELLIGE COMPARATORS employing our 
Permanent Glass Color Standards are the Simplex Tester, the Pocket and Standard 
Comparators, and the Aqua Tester. The Pocket model [illustrated) is the most 
compact colorimetric comparator ever introduced and is specially constructed for 
convenience and portability. These distinguishing features are retained when the 
instrument is equipped with a prism attachment to bring the color fields into 
juxtaposition. The Hellige Aqua Tester was designed particularly for precise water 

analyses by the standard methods of the American Public Health 
Association and the American Water Works Association. 


MORE THAN TWO MILLION Hellige Glass Color Standards are 
being used in the most diversified fields for general analyses and 
scientific investigation. Their wide acceptance proves the superiority 
and broad application of Hellige Standards which gave excellent 
service in all war theatres UNDER MOST SEVERE PHYSICAL 
AND CLIMATIC CONDITIONS. There has 

never been any cause to question their reliability and all guesswork is eliminated as Hellige Glass 
Color Standards never fade or change, NEVER FAIL. Glass standards are more economical 
and reliable than liquid standards. Their length of service is unlimited and they quickly pay 

for themselves by the savings in time, replacement costs, and other expenses encountered with 

the use of solution standards. 


THE HELLIGE TURBIDIMETER is based on the comparison of a beam of transmitted light 
with the scattered light (Tyndall Effect) produced by lateral illumination of the specimen by the same light source. 
It is the only instrument of its kind which does not require standard suspensions and which is unaffected by 
fluctuations in the line voltage. ACCURATE, FOOLPROOF AND UNIVERSAL, this precise instrument is not 
only ideal for turbidity and sulfate determinations of water but for measurements of suspended matter in general. 
Turbidity measurements can be made down to rero-turbid water. Correct results may be obtained even by those 
without special training for this type of work. 


FOR DETAILED INFORMATION WRITE FOR BULLETIN No. 602 


H FIL rf F 3718 NORTHERN BLVD. 
: NC. LONG ISLAND CITY, N.Y. 
HEADQUARTERS FOR COLOR STANDARDS AND COLORIMETRIC APPARATUS 
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Treatment Guides and Plant Control 
in 1922 initiated pH controlled 
corrective treatment with lime as a func- 
tion of water purification, using the Gun- 
powder River supply at Baltimore, Md 

This water is moderately hard, having the 
following average analysis 
Alkalinity 
Soap hardness 
Bicarbonates 
Sulfates 
Free carbon dioxide 
pH 

To facilitate plant operation Baylis® 
studied the solubility of calcium carbonate 
under varying conditions of pH value and 
total alkalinity and prepared curves reveal 
ing the calcium carbonate saturation point 
under these various conditions. Fig. 1 re 
veals these values and serves as a practical 
guide. These curves show, for instance, that 
with a total alkalinity of 50 ppm. or less a 
pH of 8 or more is required to obtain cal 
cium carbonate saturation 

Enslow™’ developed a continuous corro- 
sion or stability indicator which keeps a 
constant flowing sample of water at the 
calcium carbonate saturation point. This 
device (Fig. 2), permits testing for the 
correct pH and alkalinity of the treated 
water as often as desired, and without 
laborious and time consuming operations 
Usually a 4 hour contact period is given 
between the powdered calcium carbonate 
and the water passing through the unit. It 
is excellent for use with waters subject to 
changes in buffer characteristics. Any 
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million 
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2—The Enslow Continuous Corrosion 
and Stability Indicator. 


; (The well known “marble solubility test” 
adapted to continuous operation—the cal- 
cium carbonate saturation index being re- 
vealed by testing the water entering and 

leaving the Stability Indicator.) 


necessity for treatment change is easily 
detected by sampling of the water before 
and after passage through the Enslow sta- 
bilizer, which serves as a continuous “mar- 
ble test.” 

The value of corrective treatment with 
lime or other alkali rests upon the constant 
maintenance of the hydrogen ion concentra- 
tion at the calcium carbonate saturation 
point in order to maintain a thin but dense 
protective film. It cannot be an intermittent 
treatment, since at any time the water is 
below this value aggressive carbon dioxide 
is present and will redissolve the coating 
previously precipitated. 

Accurate control of the lime dosage and 
precise pH values can best be had by the 
use of recording potentiometers. These de- 
vices (Fig. 3), are usually actuated by glass 
electrodes with ranges in pH from 2.0 to 
12.0. The charts used on the potentiometer 
(Fig. 4), serve as a permanent record of 
the pH value of the delivered water and 
history of treatment. This equipment is in- 
expensive and trained technical skill is not 
required to keep it in good order. 

Commercial dry feeders and other appli- 
ances are available for the application of 
lime to a water supply. Either burned peb- 
ble lime or hydrated lime may be used. 
Large plants find burned lime the most 
economical, when continuous automatic 
slakers are utilized. 


Results of Treatment 

Once calcium carbonate equilibrium has 
been established, the water will remain 
stable and the effect of lime treatment is 
apparent in pipe lines after a few months 
The calcium carbonate solubility point for 
the Gunpowder River water supply of Balti- 


parts per million. It will be noted from the 
accompanying table that the pH value of 
the water is constant after passage through 
1200 miles of distribution mains and an 
open balancing reservoir of 459 million 
gallons capacity. Since passage through 
these reservoirs may be considered analo- 
gous to a spray pond, it is apparent that 
corrective treatment with lime has value 
for industrial use. 

The value of protective treatment with 
lime is illustrated in a recent American 
Water Works Association committee re- 
port" which states : 

“Other factors being equal, the data show marked 
correlation between pH value of water carried, and 
rate of pipe line capacity loss. Average conditions 
reported indicate for supplies with a pH value of 
6.5 twice the loss observed in supplies with a pH 
value of 8.0.” 

Other than causing a slight increase in 
hardness, corrective treatment with lime 
does not have a direct effect upon steam 
generation. Boiler water control is an inde- 
pendent function. However, warm water, 
70° to 100° F., will be non-corrosive and 
treatment is a profitable undertaking. 


Treatment Costs 

By stoichiometric reaction, 1 part of car- 
bon dioxide equals 1.275 parts of caustic 
lime and 1.903 parts of hydrated lime. Due 
to the buffer action of various waters, this 
direct relation does not exist when main- 
taining the calcium carbonate saturation 
point. For this reason it is not practical 
to compute the contemplated cost of treat- 
ment upon a direct ratio of carbon dioxide 
to lime. 

The cost of corrective treatment of the 
Gunpowder River water has averaged 43.1 
cents per million gallons over the past 25 
years. This included labor, storage and 
depreciation. The 1947 cost was 35.9 cents 
per million. 


Summary and Conclusions 


The principles of the electro-chemical 
corrosion of iron and steel pipe by low 
alkalinity waters containing “aggressive” 
carbon dioxide have been reviewed. 

The fixation of this carbon dioxide by 
the correct quantity of lime causes a dense, 
compact coating of calcium carbonate-ferric 
oxide to be deposited on the pipe walls. 
This coating, if of proper density, prevents 
the diffusion of the dissolved oxygen in the 
water to the hydrogen film on the iron, 
thereby retarding corrosion. Rust deposited 
when the water is below the calcium car- 
bonate saturation point will permit diffu- 
sion of the dissolved oxygen and does not 
check corrosion. 

The treatment is not satisfactory for very 
low alkaline waters (10 ppm. or less) since 














Fig. 3—The pH Recording Potentiometer 

(So useful in regulating and controlling 

lime application in anti-corrosion treatment 

of waters if the optimum alkalinity—pH 
ratio is to be maintained.) 


overly high pH values are required, de 
positing a soft fluffy sludge-like coating in 
the pipe lines. This sludge is porous and 
sometimes of sufficient magnitude to retard 
flow. 


* pH of Samples From Distribution System 
Average) 


(15 Year 


January 
February 
March 
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*Samples collected every 2 hours. 

**Samples collected weekly from 12 stations. 
From what has been said, fairly accurate 

control of the lime application is necessary. 

For this purpose recording potentiometers 

serve a valuable purpose. Commercial dry 

feeders and slakers are desirable for the 


Fig. 4—A Specimen pH Chart Produced by the Recording Potentiometer. 
more is at pH 7.8 with an alkalinity of 38 (During this period the attempt was to hold the lime treated water to a pH of 7.9 to 8.0) 
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\ water maintained just at the calcium water supply experience, it is believed that wassers 4th ed., p. 40, Ohmuller, u., Spitta 
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THERMAL CONDUCTIVITY OF WEIGHTS PER CUBIC FOOT OF DRY 
INSULATING MATERIALS* CHEMICALS USED IN WATER & 
SEWAGE WORKS 
The measure of heat loss, sometimes called the k-factor, is 


given below. The smaller this constant is for a given material ———— pean . 7 - “wae 
the better the insulating properties of the material. Chemical Type per Cu. Ft. 





Heating requirements are measured by engineers in “degree- 2 
days.” Degree-days are published in heating handbooks and in pire ne ere FEyaccoes pate ° oie ae 
United States Weather Bureau reports for nearly every city in ncaa tareeeeinimaneaet, ~~ - Urveby " 60 to 63 Ibs. 
the United States and Canada. One degree below 65 degrees F. EAE cusee 62 to 67 Ibs. 


for a 24-hour period equals 1 degree-day. Ammonium Aluminum Sulfate....Powder ........... 58 to 62 Ibs. 
Nut .. ° 60 to 64 Ibs. 


64 to 68 Ibs. 
Black Alum oom a 54 Ibs. 
CONDUCTIVITY?" Carbon (Activated) ............. , 15 Ibs. 


DENSITY, (mean 
MATERIAL Ibs./eu. ft. temp.) (90 deg. F.) Clay (Bentonite) ...... shee 50 Ibs, 
Copper Sulphate ....... osceha ’ 64 Ibs. 








Air space between. walls (3% in.) -081 .86 to 1.10 Granular... 

.21 to .29 Medium ove 

.26 to 32 rn ‘ swas . 73 ibe. 
.28 to mI Disodium Phosphate Crystal . 60 to 64 Ibs. 
26 . Anhyd. Powder ... 58 to 62 Ibs. 


Hair felt ... 50 to 54 Ibs. 


Flax fiber .31 to 33 
Cork, ground Pe ’ .27 to 31 Ferri-Floc . . 72 Ibs. 
Sugarcane fibers ‘ 34 os Ferrisul* eeee 72 Ibs. 
8 to 1.0 Ferrous Sulphate ..............-. ««+» 62 to 66 Ibs. 
Wood pulp board, plaster base.. 16.2 3 to 4 Hydrated Lime ceucceceees *40 to 45 Ibs. 

i, .27 to -30 Potassium Aluminum Sulphate... P y cae +4 to ge moos 
Magnes magnesia, ’ 

- 5 40 to ¢ 64 to 68 Ibs. 
Expanded vermiculite , ¢ Quicklime Lump ...........+. 60 to 70 Ibs, 
Diatomite powder 80 Ibs, 
Diatomite blocks é Soda Ash 58% #35 Ibs. 
Pumice gravel .. A +" De 65 Ibs. 
Tile (clay and pl ‘ j ~ Sodium Aluminate *40 to 50 Ibs. 
Glass, plate " i , Sodium Bisulfite (Anhyd.)........ Powder 72 to 76 Ibs. 
Bricks, dry : J . Sodium Fluoride Special Light #38 to 42 Ibs. 


Brickwork (mortar bond) 2. . J L $ = = 4 ees 
° a 


Gypsum plaster . 
Concrete, 1-2-4 Ot : Sodium Sulfate - 58 to pe. 
Slate shingles . . “a ‘ % to He Ibs. 
eng weve =e Sodium Sulfite Je. $0 to 90 Ibs, 
percent carbon) . . 
Cc Sodium Thiosulphate 59 to 63 Ibs. 
‘opper (pure) 58. to . 68 to 71 Ibs 
Silver (greatest conductivity)... 655.0 2,860.0 to . Coa ryst. .... 54 to 58 Ibs. 
Tri-Sodi Phosphate Greane. 4 to 4 oe. 
“ 1 cake bs 
*Authorities: National Bureau of Standards, Federal Housing Ty ~-- page ° ? ~ : 
Administration, and various university and research laboratories. Ceatee, Soom. aero 
**Conductivity—British thermal units transmitted per hour per 
square foot of material 1 inch thick, per degree F. difference in *Requires hooper ‘itation. 
temperature of the two faces. (Courtesy R. J. Leveque, Sales Mgr., Omega Machine Co.) 
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THE JAEGER MACHINE COMPANY 


Columbus 16, Ohio 
Manufacturers of Self-Priming Centrifugal Pumps, Air Compressors, Concrete Mixers 
Distributors in 130 Cities of the United States and Canada 


, © , a ” 
Dewatering pumps from 144” portable aluminum “Bantam”, 


for manhole pumping and small surface spraying outfits, up to 
10” portables of 240,000 gph. capacity for largest excavations, 
by-passing sewers, big well point installations, etc. All models 
have doubly-sure fast priming effected by two independent, 
simultaneous actions, portable or stationary mounting, Pressure- 


type pumps available for jetting and supply pumping. 


Right: Pumping manhole with 
Jaeger “Bantam”. Below: Spray- 
ing for algae control. Courtesy 
Wisconsin State Board of Health. 





Shove: Low cost dewatering. River bed excavation 
drained with suction hose and row of Jaeger pumps. 


Pumping Raw Sewage — 
One Million Gallons a Day: 


As a “temporary” installation, this 
Jaeger 6” pump ran continuously 
for 9 months, transferring sewage 
from a large State University 
Student Housing Center to a city 
sewer at a higher elevation 700 
ft. away. Intake was 17 ft. below 
pump. 


“New Standard” Air-Plus Compressors —deliver 15% 
to 20% more air to operate today’s air tools at full pres- 
sure and efficiency. 


Because the “old standard” ratings of 60, 105, 160, 210, 315 and 500 
cfm, established back in 1932, no longer match air tool requirements, 
Jaeger has taken the lead in offering new capacities large enough to 
maintain full 90 lbs. pressure behind the tools they are designed to 
operate instead of mere 70 Ibs. These “new standard” capacities are 
75, 125, 185, 250, 365 and 600 cim. Their steady higher pressure 
increases the speed and hitting power of pavement breakers, clay 
spades, sheeting drivers, backfill tampers, drills, etc. to the point 
where they will do 30% to 40% more work. Because engine speed is 
automatically regulated to the air demand, these compressors use no 
more fuel than others when their extra capacity is not being used. 


Write fer complete catalog and name of necrest distributo:. 


= 4 
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CONTROL OF MICRO-ORGANISMS AND AQUATIC 
VEGETATION 


L. F. WARRICK 
H. E. WIRTH AND W. VAN HORN* 
Madison, Wisconsin 


UBLIC interest in clean waters has manifested itself in many 

ways in recent years. Pollution control agencies have been 
established in many states, and every session of Congress for the 
past decade has been called upon to consider legislation relating 
to this subject. Stream clean-up programs have been inaugurated 
In rapidly increasing numbers municipalities have installed 
modern sewage treatment works. Industries have either proceeded 
or are being induced to develop and install methods for utilization 
or treatment and inoffensive disposal of pollutional wastes. The 
objective of all these efforts is to restore polluted water courses 
to proper sanitary conditions and to keep them as clean and 
attractive as possible. 

The purpose in discussing the control of aquatic nuisances by 
chemical methods is to present another phase of the general 
problem of keeping waters clean and attractive, aside from treat- 
ment of sewage and trade wastes. The intent is to set forth, 
briefly, difficulties created by superabundant growths of algae, 
rooted weeds and certain obnoxious growths in lakes and streams, 
and to follow with a review of developments in overcoming some 
of these difficulties. 

Algae may be popularly described as microscopic, one-celled 
plants produced in immense quantities in shallow water areas 
under favorable seasonal conditions. Growing in reservoirs, they 
achieve notoriety as the cause of nauseating tastes and odors in 
drinking water. The effectiveness of copper sulphate in sup- 
pression of algae growths has long been known, but there are 
certain important considerations involved which must be met in 
large-scale applications of such treatment to assure satisfactory 
results. It is also proposed to describe some of the studies that 
have been carried out under the general supervision of the Wis- 
consin Committee on Water Pollution through its Committee on 
Chemical Treatment of Lakes and Streams, with attention being 
called to methods for more definitely controlling dosages of 


chemical to prevent unnecessary damage to fish and other aquatic 


life, particularly fish foods. 


General Problems 

Under certain conditions, not well understood at present, algae 
multiply so rapidly that in a number of lakes and streams their 
presence gives the water a pea-soup color and consistency. These 
algae “blooms” naturally detract from the enjoyment of the 
waters by cottagers, bathers, boaters and fishermen because of the 
stench produced during the decomposition of such masses of 
algae. Similarly, many weed beds, heretofore ignored or regarded 
as desirable for the maintenance of good fish population, have 
become a nuisance and hindrance to the more popular recreational 
uses of lakes and the development of residential areas or summer 
resorts around bodies of water. 

Rooted plants growing in abundance in recreational areas have 


One-Man-Power Barge 
Applying copper-sulphate treatment to a shallow waterway 
to control odors from algae growth. 


One of the Smaller Outfits for Copper Sulphate Spraying of 
mall Lakes 


caused much trouble for resort and other property owners. 

one enjoys using a beach populated by a dense growth of wee 
Boating is difficult when weeds become wrapped around oars 
propeller. Offensive odors result when the plants decompose af 
they have been cut and washed ashore, or have died in the fall. 

Some people are allergic to aquatic plants and develop ras’ 
when they swim in certain weedy areas. Another problem, clos: 
allied to allergy, is caused by a microorganism (cercariae), 
effects of which are commonly referred to as “swimmer’s itc 
Outbreaks occurring in some bathing areas have annoyed 
alarmed persons both directly and indirectly affected. 

There is also an economic aspect that must be considered. 
decreasing value of real estate bordering infested lakes is 
direct loss to owners and eventually may have a serious eff 
on tax rolls. Industrial processes have been interfered with 
times by algae growths, which have himpered production 
caused loss through spoiling the product. For instance, pa’ 
mills have had objectionable odors imparted to paper and 
board used for packaging foods and confections by large amou 
of algae growing in the water supply used by the mills. Th 
are instances on record where the death of cattle and other li 
stock has been attributed to the presence of algae in the drinki 
water. All of these conditions have resulted in efforts by prope: 
owners and others concerned to control these algae, weed a 
other growths considered aquatic nuisances. 


Control Measures 

Efforts to eliminate unwanted vegetation have generally utili 
manual or mechanical methods. Under-water cutting machi 
have been made available for cutting rooted weeds. The man 
ually-operated equipment consists of a ribbon steel saw which 
can be drawn back and forth across weedy areas in the manner 
of a lumberjack’s saw. Power cutters mounted on barges, pat- 
terned after harvesting machinery, have been developed. Tractor 
or truck drawn cables have been used to remove littoral vegcta- 
tion. (See Water Works AND Sewerace for March, 1942—“The 
Control of Water Chestnut Growths.”) Cut material must he col- 
lected and removed for burning, burial or disposal on land at 
isolated places. Otherwise, it will drift to shore, decompose and 
cause an odor nuisance. Dredging generally effects more lasting 
results than weed cutting because of removal of the roots. 

At best, all of these are laborious, time-consuming methods. 
They are effective in solving only a part of the general problem 
of aquatic nuisance control. They do not take care of troubles 
caused by excessive growths of algae or small free-floating plants. 


Early Studies: 
Investigations of chemical treatment were started at an early 
date to devise practical procedure for taking care of all phases 


*Chief Engineer, Assistant Sanitary Engi nd Assi i 
respectively, of the Wisconsin State Bieartment of = we 
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of the problem. Tastes and odors in water supplies having been 
idemtifed with growths of algae more than sixty years ago, 
attempts were first directed to overcoming this difficulty. Studies 
were undertaken by the Bureau of Plant Industry, U. S. Depart- 
ment of Agriculture, in cooperation with the Massachusetts State 
Board of Health, and in 1901 Moore* successfully worked out a 
procedure for destroying algae with small quantities of copper 
sulphate. Further studies of the application of this method were 
reported in 1904 by Caird’ at Elmira, N. Y., Carroll* at Butte, 





“Stern Wheeler” 


| This barge, for the control of both algae and rooted weeds, 
: is used by a Sanitary District set up by a Wisconsin town for 

the primary purpose of applying preventive treatment in the 
: control of aquatic nuisances. 


Mont, and Fletcher* at Hanover, N. H. Results of the treatment 
the reservoir of the Winchester, Ky., water supply were re- 
rted in 1905 by Moore and Kellerman’. Additional information 

as presented by Moore and others* during the same year in a 

Symposium conducted by the New England Water Works Asso- 

ation Prince’, Caird*, Kellerman’, Huff and House”, Hale” and 

Dthers have added much to the knowledge on this subject follow- 

ing this early work. Ample experience has been gained to date to 

Gefinitely establish the role of copper sulphate treatment in the 

fontrol of algal tastes and odors in water works practice. 

Chemical suppression of unsightly and ill-smelling algae scums, 

Rs a nuisance control measure in lakes and streams used for 

ecreational purposes, has largely developed during the last two 

Gecades. A pioneering study in this field was conducted by 

lvord™ at Madison, Wis., who recommended in 1920 that copper 

Bulphate be applied, under competent supervision, in sufficient 

mounts to maintain the lake waters in question in a clean and 

Attractive condition. Experiments were continued for the next 

few years by the city and the University of Wisconsin, but it was 

hot until 1925 that suitable procedures and equipment had been 

Wevised to carry out an effective treatment program. 

Domagalla” has described the spraying facilities found most 

gatisfactory, consisting essentially of a solution tank for copper 

Iphate and a power sprayer mounted on a scow. Use of this 
equipment supplanted the original practice of dragging burlap 
bags of the chemical behind a boat, with both more efficient and 
economical results. Domagalla also mentions his use of arsenical 
compounds for destruction of a variety of water weeds. In con- 
tinuing work on the lakes at Madison and elsewhere up to the 
present he has further improved the technique of treatment and 

done much toward placing the control of aquatic nuisances on a 

sound basis. 


Regulatory Measures 
It has been inevitable that controversy would arise regarding 
the placing of chemicals like copper sulphate in waters fre- 
fishermen. There have occurred certain instances 
i the theory “if a little 
fish. These 
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the State Committee on Water Pollution, a statutory agency 
vested with broad powers for controlling pollution. 

The 1941 legislature passed an act calling upon the Committee 
on Water Pollution: “To supervise chemical treatment of waters 
for the suppression of algae, aquatic weeds, swimmers’ itch and 
other nuisance-producing plants and organisms.” To this end 
the committee may conduct experiments for the purpose of ascer- 
taining the best methods of such control. It may purchase equip- 
ment and may make a charge for the use of the same and for 
materials furnished, together with a per diem charge for any 
services performed in such work. The charge shall be sufficient 
to reimburse the committee for the use of the equipment, the 
actual cost of the materials furnished, and the actual cost of the 
services rendered plus 10 per cent for overhead and development 
work. The legislature also passed an amendment to the Town 
Sanitary District Act authorizing the control of aquatic nuisances 
by a Sanitary District and providing means for financing such 
measures. 

The Wisconsin Committee on Chemical Treatment of Lakes 
and Streams consists of an attorney of the Wisconsin Public 
Service Commission; the chief biologist of the State Conserva- 
tion Department; the chief chemist of the State Laboratory of 
Hygiene ; and the State Sanitary Engineer of the State Board of 
Health. Its principal activities have been to obtain all facts 
available on chemical treatment, institute research to determine 
procedures to prevent unnecessary damage to fish and fish foods, 
and establish supervisory control over treatments so that chemicals 
would be scientifically applied rather than promiscuously used in 
the waters of the state. Laboratory and field investigations have 
been carried out with the aid of both special personnel and tech- 
nical staffs of departments concerned. 

The committee studied the effect of chemicals employed on 
various species and sizes of fish and some of their food material 
to determine toxic concentrations. Some of the results obtained 
are mentioned later. Spraying devices were tested and improved, 
dusting and broadcasting equipment for spreading chemicals was 
tried, and various other facilities to aid in obtaining reasonably 
good control over dosages have been studied. The biological 
laboratories at state fish hatcheries, and facilities at the University 
of Wisconsin were made available for this work. The committee 
has also developed a permit system in the supervision of treat- 
ment activities. 


Apparatus and Treatment Procedure 


During the summer ot 1939 the Committee on Chemical Treat- 
ment of Lakes and Streams authorized treatment and special 
studies of several lakes in the state using copper sulphate in 
order to suppress objectionable algae growths. The first treat- 
ments were made with improvised apparatus which was largely 
of an experimental nature and was later changed somewhat to 
provide a more convenient means of treatment. A 50-gallon 
wooden barrel having a partition extending from the top to 
within six inches of the bottom was used as a solution box. 
Copper sulphate crystals of approximately pea size were placed 
in the barrel and hot water from the cooling system of the boat 
engine discharged into the barrel on one side of the partition. 
This liquid then passed downward under the partition and into 
the copper sulphate crystals and upon reaching the other side 
of the partition was practically saturated with copper sulphate. 

A motor-driven portable pump was obtained and placed in 
the boat for the purpose of spraying the copper sulphate solu- 
tion. Water was drawn from the lake and a small amount of 
the concentrated copper sulphate solution was introduced into 
the suction side of the pump. In passage through the pump the 
solution mixed with a comparatively large amount of lake water 
before being discharged through two l-inch rubber hoses 
equipped with nozzles which were manually operated to spray 
the dilute copper sulphate solution onto the surface of the lake. 

The first treatments were controlled by varying the speed of 
the boat and the amount of co sulphate crystals placed in 
the solution barrel. It was found that this method would 
dissolve approximately 200 pounds of copper sulphate per hour. 
Later developments and refinements in treatment process 
included the construction of a speedometer which gave an ac- 
curate measurement of the speed of the boat and also the installa- 
tion of a small Venturi meter which measured the amount of 
copper sulphate solution being discharged into the suction side 
of the pump. Later another baffle was placed in the solution 
barrel and it was found that it was possible to obtain a saturated 
solution of copper sulphate which did not vary appreciably in 
strength. 

Seen wee Be eae Sees On seen cf enew ot 
phate necessary for the treatment of a given body of water and 





it was found that the most satisfactory method of controlling 
variables was by changing the volume of saturated copper sulphate 
solution fed into the system. In this way the concentration of 
copper sulphate sprayed onto the surface of the water could be 
varied in proportion to the speed of the boat so that the resulting 
concentration in the lake water could be maintained at any 
desired figure. In hard-water lakes the usual amount of copper 
sulphate added was equivalent to 1 p.p.m. in the top four feet 
of water. At the present time the apparatus is being further 
developed by the construction of a portable photolometer with 
which the concentration of copper sulphate solution can be ac- 
curately checked. 

It has been found that one of the most essential steps in treating 
a lake to suppress algae growths is a survey to determine the 
concentrations of algae, the areas of the lake which can be most 
beneficially treated, the hardness and other characteristics of 
the water, the depth of water, and type of algae present. With 
this information it is possible to accurately estimate the amount 
of copper sulphate needed and the areas which should be treated. 

At the present time the Committee on Chemical Treatment of 
Lakes and Streams has apparatus available for the treatment of 
such lakes which can be used on a rental basis by any interested 
party under direct supervision of representatives of the Com- 
mittee. The Committee furnishes supervision of such treatment 
in order that satisfactory control over the amounts of copper 
sulphate can be maintained. A charge is made to lake improve- 
ment associations and other groups sponsoring the work. The 
program has been quite successful in reducing nuisances from 
prolific algae growths and has not appeared to be harmful to 
fish life. 


Toxicity of Copper Sulphate to Fish and Fish Food 


Numerous tests have been made to determine the copper 
sulphate dosage required to kill fish. The relation between 
alkalinity and toxicity of this chemical to fish was shown by 
experiment under controlled conditions in aquaria, measured in 
time required to cause death. The relative toxicity of 25 p.p.m. 
copper sulphate to brown trout fry varied inversely with the 
alkalinity. With 6 p.p.m. of alkalinity in the water, all fish 
died in 2.5 hours; with 248 p.p.m. alkalinity there were four 
survivors after 12.5 hours. 


The large discrepancy between the accepted toxic dose for 
bass (2.1 p.p.m.) and that found in recent studies (160 p.p.m. or 
more), was explained as follows: The toxic dose of copper sul- 
phate for several species of fish (black bass, yellow perch, sun- 


fish, and bullheads) was determined in distilled water. The 
values so obtained agree well with those appearing in the litera- 
ture. Thus, the conclusion must be drawn that the tests of 
previous investigators had been made in either distilled water 
or in very soft waters. 

Chemical examination of hard water treated with copper 
sulphate disclosed the fact that the calcium carbonates and 
bicarbonates react with the copper sulphate producing insoluble 
basic copper carbonate, which in hard water was shown to be 
non-injurious to fish. The rate of removal of the copper from 
solution as a relatively harmless precipitate is not, however, an 
instantaneous reaction. Several attempts were made without very 
reliable results to fix exactly the actual rate of removal. In 
general, however, it was found that the majority of the copper 
is removed from solution in about one-half hour. 

The fish used in the above tests were less than one year old 
and averaged about 4 inches in length. In order to ascertain 
whether very young fish were extremely sensitive to the chemical, 
a test was made with bass fry one and one-half months old and 
averaging one inch in length. Again the mineral matter of the 
hard water offered a protective action and these fish were not 
affected until a concentration of 80 p.p.m. was reached. The 
results indicate that the young fish are more susceptible than 
older ones, but that there is still a large margin of safety present 
between dosages which destroy micro-organisms and those which 
will kill young fish. 

Results of the fish studies with various concentrations of 
copper sulphate have indicated: (1) The toxic doses of my 
sulphate recorded in the literature for the various species of fish 
are correct only for distilled or very soft waters. (2) The 
mineral salts of hard waters remove copper from solution as an 
insoluble precipitate, thus increasing the amount of chemical 
which may be added before fish are killed. (3) The fatal dose 
for young large mouth black bass in hard water is 80 p.p.m.; 
for larger bass approximately 160 p.p.m. (4) Very short ex- 
posures of fish to high concentrations of copper sulphate produce 
high mortality. 


Survival of Fish Food Animals in the 
Presence of Copper Sulphate: 


A most important question concerns the effect of copper sul- 
phate on animals other than fish; are certain kinds eliminated 
from a lake or so diminished as to reduce the fish food supply? 
A number of experiments undertaken on certain type organisms 
in various concentrations of copper sulphate showed the follow- 
ing: Rotifers survive low concentrations but were killed in 
concentrations ranging from 15 to 1,000 p.p.m. within a 30-hour 
period. Cyclops survived 4 to 15 p.p.m. concentrations for 88 
hours, the length of the test. The common flat worm was 
found sensitive to a fairly low concentration of copper sulphate. 
All were dead within 24 hours in concentrations of 10 to 50 
p.p.m. Amphipods proved to be very sensitive, even to low con- 
centrations, and undoubtedly are reduced in numbers when lakes 
are given copper sulphate treatment. Species that proved to be 
very resistant to copper sulphate included the isopods, damsel 
fly nymphs, water beetle larvae, and caddis fly larvae. In gen- 
eral, experiments and field observations have indicated that most 
animal organisms are far more resistant to low concentrations 
than are the several species of nuisance algae. Therefore, the 
animal organism population will not be seriously reduced or 
permanently damaged by the methods now in use for controlling 
algae nuisances. 


Relation Between Algal Density and Copper Sulphate Dosage 


An experiment was set up to obtain some idea of the rate at 
which typical algal cells absorb copper from solution. Living 
plants of Microcystis were placed in water of 154 p.p.m. alkali 
ity in a 5-gallon aquarium. Copper sulphate was added to 
a 2 p.p.m. solution. Samples for copper determination were t 


A Trailer Unit 
Motor powered spraying outfit for lake treatment mounted 
on a trailer. 


taken at intervals. The conclusion was that “the amount 
copper removed from solution by Microcystis is extremely smal 
Hence, for the control of this organism it appears it should 

be necessary to increase the concentration of copper sulphat 
above 1 p.p.m. when treating lakes which have passed into af 
advanced bloom stage. 


Swimmer's Itch 


In the matter of “swimmer’s itch,” tests have shown the pos- 
sibility of control of this difficulty by chemical treatment under 
certain circumstances, and accordingly the committee has been 
giving consideration to control of this nuisance as one important 
phase of its activities. 

The most serious aspect of “swimmer’s itch” probably is its 
detrimental effect on resort business. So far as has been de- 
termined, all cases of this type of skin irritation that have 
occurred in Wisconsin can be attributed to a single cause; name- 
ly, the accidental penetration into man’s skin of the larvae of 
schistosome flukes (flatworms). These larvae, having developed 
in snails, emerge into the water where they will die unless they 
encounter the proper bird or mammal in which to complete their 
development. The infested birds and mammals in turn scatter 
eggs of the worm, which hatch and undergo development when 

enter the snails. 

is knowledge of the life cycle of the organisms ca: 
“swimmer’s itch” (more exactly termed schistosome dermatitis 
is important because it suggests possible points of attack in 
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attempts to control the disease. Since the presence of this 
disease is of some economic importance to the state, studies have 
been carried out with the object of determining possible methods 
of controlling or combating the condition. The more important 
facts that have been learned to date will be presented here. A 
more extensive account of the researches substantiating the 
statements made have been published by Brackett (see References 
14-19 inclusive). 

Investigations in Wisconsin during the summer of 1938 and 
reliable accounts of the occurrence of this disease in earlier 
years indicate that. with the exception of a few localities, only 
a relatively small number of individuals are ordinarily affected 
With such being the case, it is obvious that control measures 
that are at all extensive or expensive cannot usually be justified. 
In these places, where other control methods are impracticable, 
it may prove helpful to bathers if they rub themselves briskly 
and thoroughly with a towel immediately upon coming from 
possibly infected water and before the water has time to be 
removed from the skin by evaporation. Apparently most of the 
larvae penetrate while evaporation is taking place in the thin 
film of water covering the body. The rubbing crushes them 
while they are still on the surface of the skin before they have 
penetrated. 

Particular attention is called to this prophylactic measure be- 
cause it is simple, costs nothing, and puts the responsibility 


Chemical Solution Tanks and Power Spraying Unit in a 
Barge 
Dosages are controlled by regulating strength of chemical 
solutions and varying speed of barge travel indicated by a 
pendulum speedometer. Dosages are checked at intervals by 
colorimetric tests. 


directly on the persons concerned. Likewise it is a procedure 
that can always be used anywhere, regardless of varying environ- 
mental conditions, a fact which is not true of other control 
measures to be discussed. At present the possibility of con- 
trolling the parasite during the mammal phase of its cycle is 
remote. Methods designed only to kill the larvae in the water 
would be temporary since the snails may shed great numbers of 
the larvae for a period of several weeks. 

To eliminate the host snails, involved in outbreaks of “swim- 
mer’s itch,” is undoubtedly the most effective and permanent 

method of preventing this annoying condition. It is evident from 
the absolute essent iality of snails in the life cycle of this parasite 
that the snail stage is a vital point of attack. The bulk of the 
studies have therefore been made on snails and their relation- 
ship to the disease. Amounts of copper carbonate as small as 
3 Ibs. per thousand square feet of bottom area have been used 


to kill he snails. 


Rooted Weed Control 
The elimination of rooted weeds involves the use of sodium 
arsenite which is a more dangerous chemical than copper sul- 
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plate. Arsenical compounds are considered as poisons. A dilute 
solution is sprayed onto the surface of the water over the plants. 
The plant is killed by the arsenic absorbed through the leaves 
and carried to the roots. The dosage depends on the weeds to 
be destroyed. The treatment is permanent until the area is 
reseeded. Experiments showed that fish (bluegills) can live 
at least six days in a solution that contains sufficient arsenic to 
kill plants. Further research showed that large mouth bass 
survived 232 hours in the presence of 6 p.p.m. Survival of 87 
per cent was had in a 10 p.p.m. solution. Croppies and bluegills 
were unablé to stand a 15 p.p.m. solution of arsenic. 

During the summers of 1940 and 1941 the Committee on the 
Chemical Treatment of Lakes and Streams conducted a series 
of experiments in order to determine the practicability of using 
“Benochlor” products for the eradicatien of rooted aquatic 
weeds in the state of Wisconsin. Three Benochlor preparations 
used were Benochlor 3, Benochlor 3 T.D., and Benochlor 3 
Special. 

The following results were submitted as a progress report 
Twenty-four test areas were set up in six bodies of water, some 
area being enclosed by a canvas fence supported by net floats and 
weights at the bottom to hold the fence in place. This permitted a 
definite control of the area treated. 

In no cases were very promising results obtained with Be- 
nochlor 3 

In concentrations as low as 100 p.p.m. Benochlor 3 T.D. was 
effective in killing Vallisneria, Potamogeton, Anacharis, Chara, 
and Myriophyllum within 20 days. Further investigations will 
he made to determine the most desirable concentration to use. 

In concentrations as low as 40 p.p.m., Benochlor 3 Special was 
effective in killing Anacharis, Potamogeton, Zannichellis, M yrio- 
phyllum and Vallisneria in 15 days. For Benochlor 3 Special or 
Benochlor 3 T.D. the weeds mentioned as being killed were the 
only ones present in the treated areas. These investigations did 
not determine the toxicity of these compounds to aquatic fauna 
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the prairie land are generally steep; be- 
tween and near the confluences of tribu- 
taries they are as flat as 20 to 1. They are 
easily eroded by wave action 

The reservoir under consideration will 
be about 25 miles in length, averaging 1% 
miles in width and with a flood plain 
depth of about 25 feet at the lower end. 
The normal pool level is fixed at elevation 
44.5 feet. The adjoining prairie land has 
an elevation of 55 to 70 feet. During the 
spring months the reservoir will be sub- 
jected to frequent winds of the order of 
35 miles an hour for a duration of a day 
»r more, and with a single month’s aver- 
age of about 15 mph. Occasional tropical 
disturbanc es reaching the Texas coast are 
likely to have hurricane wind velocities 
of 100 mph. or more for periods of short 
duration. Hurricane winds of sustained 
velocities greater than 60 mph. for periods 
of several hours, have been experienced. 


In the chart (Fig. 2) the ordinates rep- 
resent the elevations of the adjoining 
higher land and the abscissa the distance 
from the rim of the pool when it is first 
filled. The rays on the chart represent 
the natural slope between the flood plain 
and the higher adjoining land. Te heavy 
dashed lines represent the approximations 
of the probable effect of erosion for differ- 
ent types of soil; these were drawn by 
judgment after observing the effect of 
a action for existing conditions near- 


"The wave-heights and ride-up were 
computed by the Stevenson equation as 
modified by Gaillard. Wave heights com- 
puted by this equation are found to fairly 
closely check with the observed wave 
heights on a small reservoir in the same 
vicinity. The observations were made 
duving a hurricane with a wind velocity 
of 100 mph. 
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How to Use the Chart 


As an example of how the chart is used 
is the following: Assume that elevations 
of the higher land above the flood plain 
are El. 60, the slope between them is 1:1 
and the soil is within the classification of 
clay. Then the expected limit of erosion is 
at the intersection of the clay line and 
ordinate line 60, about 70 feet from the 
original pool’s edge. The eroded area is 
represented by that part of the chart en- 
closed by the 1:1 ray and clay lines, and 
the ordinate line of El. 60. 

As another example, assume that the 
natural slope is 20:1: Since this is less 
than the indicated beach slope, no erosion 
will occur. Instead, the land will be inun- 
dated by wave action to a point where 
ray 20:1 intersects the ordinate for the 
wave height plus ride-up—namely, about 
130 feet from the normal water’s edge 
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STANDARD 
GAUGES* 


Sheets, Plates 
and Wire 


a 


Sheet mills roll steel sheets to 
U. S. gauge unless otherwise or- 
dered. Plate mills usually roll 
heavy plates, %¢ and heavier, and 
light plate No. 8 to No. 12, to 
Birmingham gauge. In figuring 
weights of steel plates add to 
above the allowance for over- 
weight, adopted by Association 
American Steel Manufacturers. 
All steel shee’s in our *stock are 
rolled to the U. S. Standard 
Gauge. Brass is rolled to thick- 
ness by Brown & Sharpe’s Ameri- 
can Gauge. Copper is: rolled to 
thickness by Stubs’ or Birming- 
ham Gauge. 
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* From Link-Belt Catalog 
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GILLESPIE, ILLINOIS—one of a score of Amer- 
ican cities using TURCO MAXI-POWER UNITS for 


faster, better and more economical Sewer Cleaning 


Scores of Cities Report 
| - Savings as high as 50% 
> ~— aa with 
Turco Maxi-Power Sewer Cleaning Units 
“4 


These units have always been distinguished by the essential sim- g 


licity of their design, and the straightforward suitability of the . 
aime! age. es ’ Exclusive Features 
various machine elements for the duties intended. 


“ 





, 5 — : 1 TUBULAR FRAME highest strength-to- 
The speeds of the special built transmission are engineered for weight ratio of any form of structure 
ENCLOSED GEARING completely dust 


practical sewer cleaning service. Lubrication of all precision oad Git qoeiocied cats. cit’ bulb tebsietion 
machined parts features sealed oil bath . . . no chance for abrasive SEALMASTER BEARINGS hiutien 

. . . . | i irt | t it + 
dust and dirt to cause wear. Operation is simple and easy to under- a sexo 


stand. The units contain the most PENDULUM-MATIC LEVEL WIND This 
spooling unit is not mechanically linked to the 


desired features and are built in ac- winch drive; consequently, it automatically com- 
pensates for any change in rope diameter, stretch, 


cordance with modern approved en- speed or wear. Patent No. 2,452,297. 
; : : j THREE SPEED TRANSMISSION with built 
gineering practice. Write for our SS in multiple disc clutch... oli bath lubrica 

Catalog for full operating and con- tion . . . built for rugged service 
POSITIVE CONTROL IMPULSES transmitted by 


struction details. Remote Controi smoothly and accurately 
no toggles or linkages to cause lost motion 








J 








HYDRAULIC SEWER TURCO ROBOT 
FLUSHING BAGS 4 : Portable Power Drive for all 
: | hand Windlasses 


: 
Sis 
f 


TURCO HERCULES 
SEWER BRUSHES WITH 
REPLACEABLE BRISTLES 


: snccennas?*??* 


s1eee sseerseesaeeey, 
e 


PERRET TURBINES 
SE OPELLING 
STOPPAGE BUSTERS 


GO-GETTER 
NOZZLES 


Write for 
Catalog 
Write for complete in- 
formation. We will giad- 
ly send you @ copy of 
our latest 54 pege cat- . 
Type GK Type GG alog. Type Fj Type REG 


TURBINE SEWER MACHINE CO., Inc. mies we: 


SEWER CLEANING EQUIPMENT SPECIALISTS 
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SEWER SYSTEM OPERATION AND MAINTENANCE 
PROCEDURES AT MILWAUKEE 


"RYHE Bureau of Sewers designs, con 
structs, operates and 
and storn 


Milwaukee house sewers 
mait 


combined, sanitary sewers 
the City of 
trom the 


the property 


to the building, are 
ot the 


sewer 
and responsibility 
d must be « 


leaned and 
Milwaukee Sew 


designs, constructs 


property owner, at 
maintained by hin Phe 
erage Commission 


operates and maintains inte sew 


treatment 


rceepting 
plant for the 
The Commis 
Prior to that 


were of the 


ers and a sewagt 
metropolitan 
ganized in 


the 


entire 
sion was 


time all 
combined type 
t 


sewers 


and emptied lit tly into 


one of the three rivers or mnte Micl 


igan 


Since has constructed sep 


storm 


1915, 
sanitary sewers in its 
newly annexed territories. Today the Bu 
reau is responsible for approximately 500 
300 


the city 


arate and 


] f 
miies ot 


miles of storn 
which are 
to 144 in 


are 


combined sewers 


300 


miles of 
sanitary sewers and 
most ol 
trom 0 in 
storm 
the 


with 


sewers. These sewers 
circular 
diameter 
rectangular 


double 


range in z 
Some of the 
section 
box 


sewers 
ot a largest ot 
which is a 
measuring 7 ft. by 10 ft 

The older sewers 
pipe, natural cement 
brick. The natural cement 
sewers were either 12 in 
cular, or egg-shaped 12 in. by 18 in., or 15 
in. by 21 in., with a flat base to facilitate 
laying Most of the older sewers 24 in 
diameter or larger were built of brick, and 
in few instances of planks. Today vitrified 
clay pipe is used in sizes up to 36 in 
diameter, concrete pipe in sizes up to 66 
in. diameter, and monolithi for 
box sections and circular sections as small 
as 48 in. diameter. Vitrified clay liner 
plates are used where in the mono 
lithic sewers and in sewers 42 in 
diameter and over 

It is present policy to use concrete pipe 
for sanitary and combined sewers in resi 
dential and local business areas, and to 
use vitrified clay pipe in light manufac 
turing and industrial districts. Zoning is 
quite well stabilized, and this policy has 
proven satisfactory over a long period of 
vears. The sewers are quite well venti 
lated and, since the establishment of the 
Sewerage Commission, designs have pro 
vided for minimum velocities of 2 ft. per 
second. There are, therefore, but few 
septic conditions, and there has been no 
known trouble with hydrogen sulfide gas 
in the residential areas 


each side 


clay 
and 


built of 
pipe 
concrete pipe 
diameter cir 


were 
concrete 


concrete 


needec 


pipe 


Organization 


The Bureau of Sewers is organized into 
a construction division, an engineering or 
design division, an accounting division, 
and a maintenance diivsion. This latter 
division is in charge of the cleaning, flush- 
ing and repair of all sewers and appur- 
tenances, as well as the construction of 
all catch basins, storm inlets and over- 
flows. The division is under the direct 
charge of a field supervisor and an as- 
sistant. The city is divided into three 
districts, each under the supervision of a 


“Reprinted from Sew. Wks. Jour., Vol 
475 by permission 


21, p 


maintains all 


LLOYD D. KNAPP 
Superintendent, 
Bureau of Sewers, Milwaukee, 


Wis 


foreman reporting to the held 
Each district foreman is in 
or three construction gangs 
ten 
men, a catch basin cleaning crew, one or 


a flushing crew, 


rvisor 
ot two 
onsisting of a foreman with eight or 


harge 


two sewer cleaning gangs 
me or two sewer masons with helpers, a 
troubleman, and a timekeeper. At division 
veadquarters there is a blacksmith, a car 
penter, and a machinist, all with helpers, 
ind two sewer examining crews of three 
men each 

All 


such 


city-owned automotive equipment 
as automobiles, trucks, trailers, air 
eductors, concrete mixers 
etc., are ope rated and maintained 
Bureau of Municipal Equipment 
equipment is rented to the various 
other bureaus as and at rates 
somewhat below that charged by private 
owners. Special equipment such as pumps, 
l machines, steamers, etc., are in 


cleaning 
direct charge of the Bureau of Sewers 


compressors, 
cranes, 
by the 
Chis 
needed 


Construction Crews 


rhe construction crews excavate for the 
catch basins, and construct storm inlets 
and overflows during the construction sea 
These crews also build 
tions of new the 
require 

Catch 
poured 


short sec- 
may 


sons 
sewers as occasion 

bottoms 
concrete and, 


basin and manhole 
with ready-mixed 
where conditions permit, steel forms are 
up and the bottom half of the catch 
basin is also poured with ready-mixed 
concrete. A sandbag is placed in the form 
to provide an opening for the overflow 
pipe and trap. A sewer mason follows this 
crew and lays up the top half of the catch 
basin with concrete brick 
he storm inlet assembly 
frame and grate with a side inlet box 
resting on a layer of brick. The brick 
rests on the edge of a large cast iron bowl, 
and the bow! in turn rests on a cast iron 
elbow with a 15-in. radius. The elbow has 
a large flat base to facilitate placement, 
and after it has been set and backfilled 
with gravel, the rest of the assembly is 
quickly put together. The frames, grates, 
and side inlet boxes used in storm inlet 


are 


set 


consists of a 


—_— 


Le Roi 105-160 Cu. Ft. Per Min. Two Stage 


Truck. 


construction are identical with the cast 


ings used for catch basins 

t.ach crew has a combination tool wagon 
and shanty equipped with a small stove 
Each crew is assigned an air compressor 
with sufficient capacity to operate two jack 
hammers continuously ihe city owns 
both trailer-mounted and truck-mounted 
compressors and an effort is made to keep 
truck-mounted compressor in each 
district for emergency use. The older com 
pressors are mostly Sullivan or Ingersoll 
Rand, while the newer machines are 
LeRoi. Each crew also has two jack ham 
mers, two clay diggers, and a demolition 
tool. This latter tool is a small compact 
rig that can be used inside a catch basin 
or manhole for tearing out masonry work, 
These pneumatic tools are of various 
makes such as Sullivan, Cleveland, In- 
gersoll Rand, and Chicago Pneumatic. All 
of the pneumatic equipment has proveng 
Satistactory 

Each construction crew also has a 1% 
in. C. H. & E. centrifugal pump, tw 
wheelbarrows, screw jacks, 200 ft. o 
2%-in. flushing hose, 100 ft. of 1-in. flush 
ing hose, a hydrant valve, barricades, red 
flags, lanterns, and miscellaneous small 
tools. These special hydrant valves are 
used to regulate the flow of water, thus 
permitting the hydrant itself to be open 
to full capacity. The Water Department 
recommends this practice as a means of 
preventing wear and tear on the hydrant 
parts 

The city 


one 


truck-mounted 
bucket, 


owns one 
Hydro-crane with a %-cu. yd 
which the Bureau of Sewers on a 
year-around basis. One or two more of 
these cranes are rented during the con- 
struction season. These cranes are oper- 
ated hydraulically, even to the opening 
and closing of the bucket. They are used 
for digging purposes, and they operate 
quite successfully where the ground is not 
too hard 

The advantages of this type of machine 
are that it can be quickly moved from 
place to place in an emergency and can 
be digging 2 or 3 minutes after arrival on 
the job. The machine is mounted on an 
International Truck chassis and can travel 


uses 


Compressor Mounted on International 
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Sewer Cleaning Machine With Self-Closing Bucket Manufactured by Turbine Sewer 
Machine. Co. 


along city streets safely at a speed of 25 
to W miles per hour. This equipment is 
used to greatest advantage in the outskirts 
where there is little interference from 
other underground structures. One 2%- 
cu. yd. dump truck accompanies each 
Hydro-crane. This is sufficient, especially 
in the outskirts where a dump can usually 
be found within a 5- or 10-minute run. 
These cranes are also used in the older 
sections of the city, at locations where 
digging conditions are favorable. Experi- 
ence with the Hydro-cranes to date in- 
dicates that under favorable conditions 
the cost of excavation can be reduced 
approximately 30 per cent over hand dig- 
ging. 

Otherwise all digging for catch basin 
and overflow construction as well as for 
sewer repairs is done by hand. The hand 
digging crews load their dirt into trailers 
of about 5 cu. yd. capacity. The empties 
are spotted and loads pulled once a day. 

In the winter months the construction 
crews are put out on repair jobs. They 
remove and replace broken or cracked 
pipe, break out and replace defective con- 
crete in tunnels, and break out defective 
masonry in the brick sewers preparatory 
to repairs to be made by the sewer ma- 
sons. One extensive repair job carried 
over several winter seasons, involving the 
removal and replacement of concrete in 
the lower quadrant of a 72-in. tunnel and 
the lining of same with vitrified clay liner 
plates. This was a storm sewer tunnel into 
which acid had been discharged for sev- 
eral years. Winter digging is admittedly 
expensive, but it has been necessary to 
operate all winter in order to keep the 
crews manned with experienced men, and 
because it is not possible to hire sufficient 
men to make the necessary repairs in the 
summer months when the construction 
program is heavy. Then too, it would be 
dificult to secure the extra tools and 
equipment needed to do both repairs and 
eonstruction in the summer. 

The city of Milwaukee for 
had an Accident Prevention 


years has 
ommittee 


composed of key representatives of the 
various operating departments. The field 
supervisor is the representative for the 
Bureau. This committee has done much 
to promote safety among city employees. 
Supervisory forces make it a point to in- 
struct new men in the use of tools, to ex- 
amine tools for defects, etc. Supervisors 
are especially particular in the bracing 
and shoring of trenches and tunnel sec- 
tions. Men are not permitted to work in 
the so-called “rat hole” As a 
result of these precautions the usual acci- 
dents are of a minor nature. There have 
been no accidents due to cave-ins for 
many years. 


sections 


Sewer Cleaning 


There are four sewer cleaning crews of 
three men each. One crew is using a pair 
of Champion 7.5-h.p. machines; while two 
crews are using a pair of Sewer Turbine 


is uml i 


7.5-h.p. machines. One crew has a pair of 
3-h.p. Sewer Turbine machines. The 
smaller machines are used on the smaller 
sewers so as not to overload the motors 
\ll of the machines are proving 
tory. However, the level winding appara 
tus was removed from the Champion ma 
chines and substituted by a loose pulley 
he gearing on the Turbine machines was 
also changed so as to increase the cabk 
speed from 33 to 90 ft. per minute. Self 
closing buckets are used in sizes from 6 
in. to 18 in., made by the Champion Con 
pany. Some plain buckets or scoops have 
been made up to fit several different sizes 
of small egg-shaped sewers, and circular 
scoops have been made for sewers 21 in 
diameter or larger 

Elm strips 42 in. by 2 in. and of varying 
lengths up to 10 or 12 ft. are used in 
getting the pilot cables through the sewer 
These strips are notched at the ends and 
fastened together with wire. They are 
quite flexible and can be readily shoved 
through the sewer. Any water in the 
sewer, of course, will cause the strips to 
float and facilitates their use. If the nor- 
mal flow in the sewer is not sufficient to 
float the strips it is an easy matter to 
connect a hose to the nearest hydrant and 
obtain the amount of water desired 
Jointed, wooden sewer rods about 1% in 
square and in 3-ft. lengths are used for the 
same purpose. When neither the elm 
strips or rods will work, a Flexible sewer 
rod is put through and the pilot cable 
pulled back when the rod is withdrawn. 

Sewers under busy streets or car tracks 
are cleaned at night. When cleaning along 
car tracks, hand cleaning rigs are em- 
ployed, as these can be shoved aside more 
readily than the power machines in order 
to let street cars pass. 


satistac 


Flushing 

Four flushing crews of three men each 
are maintained. Each crew is equipped 
with about 500 ft. of 2)4-in. hose, one 8-in. 
and one 12-in. flushing bag, a wheelbar- 
row, manhole guards and various small 
tools. During the winter a stiff rubber 
coated hose is used, from which the water 
can be drained and which will not freeze 
up during severe cold. In the warmer 
months discarded fire hose is employed, 
which is bought from the Fire Depart- 
ment for 10 cents a foot. One length of 
the rubber covered hose is shoved down 
the manhole and into the sewer because 
of ease of handling. Hose bridges are 
made by a carpenter and consist of cham- 





Elgin Eductor Mounted on Sterling Chassis—Note Agitator Pipe and Long Handled 
Rake for Cleaning Out Sticks. 
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fered 3-in. planks fastened together with 
Discarded rubber hose is cut 
the bottom of the planks 
and this prevents skidding of the 
bridge under impact of even heavy ve- 
hicles, provided they travel at moderate 
speed. During 1947, 262 miles of sewers 
were flushed 

All storm inlets are flushed once 
by these same crews. There is 
erable waste of time in coupling up hose 
to the hydrant, setting the hose 
bridges find that one good 
shot of water is all that is needed The 
field supervisor is now studying the pos 
sibilities of using power flushers for this 
work 


steel bands 
un and nailed on 
hose 


a year 


a consid- 


nearest 


etc only to 


Catch Basin Cleaning 


Catch basins are cleaned once a year 
This work is carried out by two catch 
basin cleaning crews, each consisting ota 
foreman and eight to ten men. Each crew 
has three or four Elgin eductors, a 1%-ton 
truck, a wheelbarrow, a small centrifugal 
pump and various miscellaneous tools 
Each educator crew will clean an average 
of twenty catch basins per day. The truck 
used to clean, by hand, 
those basins which are inaccessible to the 
eductors, and to finish cleaning those 
basins which cannot be properly cleaned 
by the eductors. Each eductor crew carries 
a garden rake for removing sticks, 
branches, etc. They frequently find chunks 
of broken concrete or other material 
cannot be removed either by the 
eductor or by the rake, and the extra 
cleaning is then taken care of by this 
manual cleaning gang. The eductors are 
over 20 years old and are in need of 
replacement. It is hoped soon to inaugu- 
rate a program of modern equipment re- 
placements 

The eductors operate 
the year, which is about all that weather 
conditions will permit. During the win- 
ter months the crews do hand cleaning of 
catch basins. 

Last year 19,262 catch basins were 
cleaned by eductor and 5,099 by hand. Ad- 
mittedly hand cleaning is more expensive, 
but there will always be many catch basins 
that cannot be cleaned with the present 
eauipment. And, invariably, either weather 
conditions or appropriations for equip- 
ment rental will interfere before the com- 
plete rounds can be made of all catch 
basin cleaning work. There are approxi- 
mately 25,000 catch basins and 15,000 
storm inlets. The inlets are taken care of, 


and two men are 


which 


about 8 months of 


Bucyrus-Erie H-2 


Hydrocrane Mounted on International Truck Chassis with Orange 


Peel Bucket for Cleaning Catch Basins.—(This practice is new since the article was 
written.) 


as previously mentioned, by the flushing 
crews. 

The foreman is furnished with blue 
line prints of quarter-sections showing the 
location of all catch basins and storm in- 
lets. He returns these maps to headquar- 
ters showing the date of cleaning and 
notes as to the structural condition of the 
basins. 


Sewer Troublemen 
Each district has a sewer troubleman 
who drives a pick-up truck. His duty is 








Hough End Loader tage for Cleaning Up Jobs and Loading Hand Excavated Material. 
(This practice is new since the article was writien.) 


to investigate all complaints in his dis- 
trict. These complaints cover a wide range 
of subjects, from water standing in the 
gutter to a leaking kitchen faucet; from 
rats crawling out of plumbing fixtures to 
rubber balls lodged in downspouts. In 
most cases the Bureau of Sewers is not 
involved, but the troubleman will give the 
best advice of which he is capable. 


The troubleman opens up blocked sewers 
and catch basins, calling on the nearest 
labor gang for help. A troubleman and 
two laborers are on duty every Saturday, 
Sunday and holiday to handle emergency 
calls and one of the troublemen is always 
subject to call by the City Hall night 
complaint clerk. 


During storms, when hundreds of com- 
plaints may come in, various foremen and 
some of the better class laborers are used 
on trouble shooting service. At such times 
the maximum number of crews are oper- 
ated that can be provided with transporta- 
tion. These forces stay on the job until 
every complaint has been investigated. In 
some instances this has taken as many as 
36 hours of continuous operation. 


Troublemen are also employed durin 
slack periods with the delivery of small 
orders of materials for construction crews 
and the moving of the flushing crews and 
brickmasons from job to job. They also 
answers complaints an loose manhole 
covers. If the cover and frame are found 
to be in reasonably good condition the 
cover is sealed in place with Hallemite, 
which has been giving us good service. All 
flushing crews carry a small supply of 
this compound. 
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Cleaver-Brooks Oil Burning Steamer for 


Thawing Out Frosen Catch Basins, Storn 


Inlets and Culverts 


Sewer Inspection Crews 


There are two sewer examining crews 
consisting of a foreman and two men each 
These crews have trained personnel and 
special equipment, and have regular pro- 
grams for examining sewers as to struc 
tural conditions, amount of flow, depth of 
deposit, etc. Many sewers are flushed 
cleaned in accordance with the informa 
tion obtained from these reports. When 
a street is to be repaved, an examining 
crew inspects the sewers, and the design 
ers use their report to determine the 
necessity of rebuilding the sewer because 
of its structural condition 

These crews are used for many types of 
work. They examine all contract 
upon completion, and discover many de 
fects overlooked by the inspector, or which 
could not be determined by the inspector 
working alone. They are used frequently 
in tracing out the point at which given 
house services and overflows are con 
nected to the sewer. They check for 
highwater marks in manholes following 
storms, and occasionally they make house 
to house surveys to determine the extent 
of backwater conditions 

These crews are so valuable that their 
services are in constant demand by the 
construction forces, engineering division 
and also by district foremen. It is difficult 
to keep them at their primary task of ex 
amining sewers on a routine basis 

Examinations of the smaller sewers are 
made by means of flashlights and mirrors 
The men crawl or walk through all sew 
ers 30 in. in diameter or larger, flow 
conditions permitting, and occasionally 
craw! through 24-in. sewers 

Each crew has a safety belt for use in 
deep manholes, rubber coats, hats and 
boots for ordinary work and rubber suits 
for very wet, dirty work. They also carry 
a Wolff safety lamp, aluminum ladders 
for use where manhole steps are unsafe or 
missing, a small quantity of potassium 
permanganate, and a considerable num- 
ber of small tools and supplies 


Sewer Masons 


There are four sewer masons, each with 
two helpers, who work the year around 
During the construction season, when the 
new catch basin work required in con- 


work, 


nection with new paving is the heaviest, 
two or three more mason crews are added 
to build basins and to set basins and mat 
hole frames to final grade. Because of 
past budget restrictions it has been neces- 
sary to impose on some of the more skilled 
laborers to do this work without extra 
pay. This past summer, however, it was 
possible to obtain for three of the best 
men the regular sewer mason pay for a 
period of a few months. A plan is now in 
development to pay four of the best men a 
rate $15 per month above that of common 
labor. These men will be used normally 
as leading heipers to a sewer mason. In 
the rush they will be used for 
setting manholes and catch basins to 
grade, thus relieving the regular masons 
for the more skilled work of building man- 
holes and catch basins 

There are more brick repairs than can 
be handled with the four regular masons 
during the off season. There are perhaps 
25,000 catch basins and approximately 
40,000 manholes, most of which are built 
of brick and many of which need repairs, 
as well many, many miles of brick 


seasons 


as 





Typical Flushing Crew—Note Regulating Valve Which Permits Hydrant to be 


sewers which need more and more repair 


work as they become older 

At the present time the mason crews 
have only a small tool box, but a pro 
gram is planned to equip all crews with a 
small combination tool wagon and shanty 


Yards 


supply 
1 


At the district yards there is a 
of special tools and equipment as needed 
such as centrifugal pumps up to 4-i1 
discharge, 4-in. Pemberthy syphon pumps 
three Homelite blowers operated by gas 
engines, two electrically operated blowers 
three 1500-watt portable light plants, and 
a Cleaver Brooks oil-burning steamer for 
thawing out frozen catch basins. There 
are small derricks and two hoists operated 
by compressed air and two operated by 
gas engines, also flumes of various sizes, 
rock drills, and cutting and welding equip 
ment. In addition there are three Flexible 
sewer rod outfits which are used in open 
ing up blocked sewers and Coleman rods 
for use in checking clogged house sewers 
and mate 
equip 


The clerical forces keep time 
rial records, order materials and 
ment, keep a card index file of complaints 
by house numbers, type the reports of the 
examining crews, tabulate the record 
cleaning, flushing, et Ready-mix 
crete, backfill gravel, brick and pipe are 
purchased on open 


s of 


con 


order and may he 
secured as needed from the vendor, who 
delivers directly to the job 


In all there are 160 people in the oper- 
ation and repair division, which includes 
all classes from laborers and clerks on up 
to the field supervisor Common laborers 
are known as “city laborers” and « 
cleaning and flushing and catch 
cleaning. They receive a top pay of $140 
per month, plus a cost of living bonus of 
$83.02 per month. The laborers on con 
struction crews are called “sewer labor- 
ers” and receive a top pay of $150 per 
month, plus the cost of living bonus 
Sewer examiners get $165 per month, their 
foreman and the troublemen get $180 per 
month, while the construction crew fore 
men receive $210 per month, all with the 
cost of living bonus in addition. The 
highest, of course, is received by the field 
supervisor, who gets $350 per month and 
the bonus. The total budget for operation 
and repairs for 1948 amounted to $529,459, 
approximately $480 per mile 
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Discussion 


Francis S. Friel 
President 
Fri 


nlade 


Mr Knapp has given an excellent out 


line scope of the 
equipment and maintenance procedures of 
the Milwaukee Bureau of Sewers 

In Mr. Knapp’s remarks relating to 
construction he reports that all 
from the main sewer to the 
the responsibility of the 
property and must be cleaned and 
maintained by him. This same practice 
prevails in the Philadephia area. Prior to 
the war, one suburban area outside of 
Philadelphia made house 
through contract, within the 
street, and charged the property owners a 
fixed sum for it. This practice has 
stopped because of present 
tions, and now property owners are re- 
quired to engage their own contractors 
who, in turn, must be bonded by the mu 
nicipality 

Reference is made to the 
Milwaukee of using vitrified clay 
sewer lines up to 36 in. in diameter 
crete pipe up to 66 in. in diameter 
monolithic concrete structures with 
fied clay liner plates where needed 
also interesting to observe that it 
policy in Milwaukee to use concrete pipe 
for sanitary and combined sewers in resi- 
dential and local business areas, and to 
use vitrified clay pipe in light manufac 
turing and industrial districts. This prac 
tice is commended 

Mr. Knapp does not mention any diffi- 
culty experienced in locating manholes or 
other sewer structures. Manholes are 
often covered with new paving or by 
grading of private property or regrading 
of roads, and. instruments to locate them 
are invaluable in time-saving. Magnetic 
dip needles are convenient for shallow 
depths, while the “M-scope” is required 
for deeper coverage 

The use of the sewer examining crews 
for inspection of new construction and 
for periodic examination of lines is good 
practice. The best insurance against ex- 
cessive maintenance is a well-designed 
and well-constructed sewer line. A small 
municipality in Pennsylvania installed a 
system about 25 years ago. The 
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nee again illustrates the need and justin 
cation for regulation of the disposal of 
industrial wastes, taking into account the 
well as the volume of the 


In some cities, sur 


character as 
wastes to be handled 
veys have been made to eliminate the dis- 
of industrial wastes, particularly 
which might cause the dis 
sewer lines. It is certainly 
a particular industry to 
prior to thei 


charge 
strong 
integration of 
require 
strong 


acids, 


ogical to 
neutralize wastes 
sewer system 

frequency of cleaning of a 
lictated by the character of sewage, 
grades, the 
and 
condi 


discharge to a 

Phe 
ine 1s 
the flatness of the 
the pipes 


sewer 
sewer con 
themselves 
weather and climatic 
hard and fast rule 
to the interval between the 
sewer. In Lower Merion 
Township, Pa.. the sewers are flushed 
once a year The conditions observed 
during the flushing period form the basis 
priority maintenance program. All 
free time of the maintenance crew ts used 
in a systematic cleaning of the 142 miles 
of sewers. Six years are required for the 
complete coverage cycle. A force of four 
men with one truck and up-to-date clean- 
The superin- 


dition of also 
possibly by 
No 
applied as 
cleaning of a 


can be 


trons 


ota 


ing equipment does the job 


tendent reported recently that only three 
stoppage complaints have been received 


in five years 

There are some instances where 
have never been cleaned since they were 
installed. On the other hand, certain sew- 
ers have clogged in a relatively short 
period of time due to the growth of tree 
roots and other external causes 

The use of a flexible steel type of sewer 
rod to clean sewers has proved advan- 
tageous in many places throughout the 
country. This type of equipment may be 
used to remove obstructions which can- 
not be dislodged by a wooden rod. It is 
especially effective where fire plugs may 
not be available and when extra flushing 
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Bucyrus-Erie H-3 Hydrocrane Mounted on International Truck Chassis—Clam Shell 
Bucket for Excavating Work. 
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water must be hauled to the work. There 
also is a safety factor involved in using 
flexible steel rods, since the men are 
working above ground. 

The mechanical cleaning at Milwaukee 
is apparently by the drag-line type of 
cleaner. This type of apparatus is effec- 
tive but is inclined to cut tracks in de- 
posits where flows are small. The water- 
driven turbine type will do its work well, 
but the writer does not believe that this 
latter type of equipment is equal to the 
revolving spring-steel rod utilizing differ- 
ent kinds of cleaning or cutting heads, and 
the rubber cups for removing sand or 
other deposits when backed by a head of 
sewage 

Flexible sewer rods and machines were 
found to be valuable cleaners at Boston 
(American City, August, 1942). At Los 


\ngeles, Brown states that nearly one and 
one-half million feet of sewer lines are 
cleaned each year with three machines, 
and the cost of upkeep and personnel was 
3% cents per foot of sewer pipe cleaned. 
Mr. Brown states that each machine may 
be set up at 10 to 20 locations a day and 
can clean from 1500 to 2500 ft. of sewer 
line daily (Water and Sewage Works, 
p. 249, 1947). 

Catch basins at Milwaukee are cleaned 
once each year. This practice varies 
throughout the country. In some places 
they are cleaned as often as once every 3 
months, while in other instances the 
period of cleaning is extended to about 
once in 3 years, as in Boston. The eductor 
type of catch basin cleaning apparatus as 
mentioned for Milwaukee is most effec- 
tive, and reduces the unit cost for the 
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removal of grit and other foreign mate- 
rial. 

In most municipalities, where the water 
works is owned by the city, there is no 
problem in securing water for flushing 
sewers, but where a private company 
owns the water works, the problem differs 
materially. Again citing the case of 
Lower Merion Township, it is cheaper to 
use creek water for flushing than to pur- 
chase water from the private utility. The 
township, which has an area of 24 sq. mi., 


has a 700-gal. tank mounted upon a 2%- 


ton truck, and water is pumped to this 
tank from a series of creeks or taken 
from one of the twelve fire hydrants per- 
mitted to be used. The tank is equipped 
with a quick-opening valve, and the con- 
tents are discharged rapidly to a manhole 
for flushing. 


CONTENTS OF CONICAL 
PILES* 


Frequently it becomes desirable or nec- 
essary to estimate yardage in a pile of dirt, 
sand, stone, gravel, coal, etc. 


Without any figuring whatever the ac- 
companying chart quickly gives the number 
of cubic yards in any conical pile. 


For example, how many cubic yards in a 
conical pile whose based diameter is 100 ft. 
and whose height is 10 ft.? 


The dotted line drawn across the chart 
shows how it is done. Run the line through 
the 100 ft. diameter, column A, and the 
10 ft. height, Column C, and the intersec- 
tion with column B gives the answer as a 
little less than 1000 cubic yards. 


The range of the chart takes care of all 
diameters from 5 to 500 ft. and all heights 
from 2 to 200 ft. However, in the event 
that diameters or heights should be greater 
or less the same chart is still applicable. 
Thus if the diameter should be 1000 ft. 
instead of 100 ft. and if the height should 
be 100 ft. instead of 10 ft., the same dotted 
line would solve the problem excepting 
that the answer would be 1,000,000 cubic 
yards instead of 1000 cubic yards. In that 
case the rule is this: For every cipher 
added to column A, add two ciphers to 
the answer in column B, and for every 
cipher added to column C, add one cipher 
to the answer in column B. This means 
that when the problem is 1000 ft. diame- 
ter and 100 ft. height, three ciphers must 
be added to the result in column B. 


*Contributed by W. F. Schaphorst, M.E 





OIL WASTE EXCLUSION FROM SEWERS 


Baltimore Experiences with a Workable Ordinance 


Cc. E. KEEFER 
Prin. Asst. Engr 
Bureau of Sewers, Baltimore, Md. 


N 1927 a fire near the outlet of the largest. storm drain in 

Baltimore resulted from the escape of gasoline and oil into 
the drain. Causing no serious damage, it did, however, result 
in passage of a city ordinance requiring daily storage of waste 
oil, crankcase drainings and greases in approved steel drums by 
all users of such materials. 


The Baltimore Ordinance No. 1083 


An ordinance to regulate the handling, storage, transportation 
and disposition of waste oils and greases resulting from the 
use, operation, cleaning, repairing or servicing of vehicles, ma- 
chinery or appliances of any kind upon all premises in Balti- 
more City; providing for enforcement, and also providing a 
penalty for violation of the provisions of this ordinance. 


Section 1. Be it ordained by the Mayor and City Council of 
Baltimore, That from and efter the date hereinafter provided, the 
following rules and regulations shall apply to the handling, stor- 
age, transportation and disposition in the City of Baltimore of 
waste oils and greases resulting from the use, operation, cleaning, 
repairing or servicing of vehicles, machinery or appliances of any 

ind: 

(a) All waste oils, including crank case drainings, shall be 
immediately taken up and deposited and kept while on the prem- 
ises in steel drums, the character, size construction, number and 
location of which shall be from time to time prescribed by the 
Board of Fire Commissioners of Baltimore City, or in containers 
of other construction approved by the Chief Engineer of Baltimore 
and by the said Board. 

(b) All waste greases shall be collected at least once daily 
and deposited and kept as in the manner provided for waste oils 
in the preceding paragraph, and in no case shall any waste 
greases be permitted to remain in or about any premises over 
night, except when so deposited. 

(c) All such drums, containers and their appurtenances shall 
be kept and maintained at all times in first class condition and 
tightly closed so as to prevent the escape of any of the contents 
thereof, and shall be used for no purpose other than the storage 
and transportation of waste oils and greases. 

(ad) The Mayor and City Council, acting through the Chief 
Engineer of Baltimore, shall determine from time to time the 
agencies by or through which all such drums, containers and/or 
the contents thereof shall be removed, stored, transported and 
disposed of, and the times when, the places where and the man- 
ner in which the same shall be done, and such determination 
shall be subject to the approval of the Board of Fire Commis- 
sioners of Baltimore City; and no such drums, containers and/or 
contents shall be removed, stored, transported or disposed of in 
any other manner or through any other agency. 


Section 2. And be it further ordained, That this ordinance 
shall not be construed to prohibit the sale and/or reclamation of 
waste oils and greases, provided, on such sale and/or reclamation, 
said waste materials are otherwise handled, stored, transported 
and disposed of in accordance with the terms and provisions of 
this ordinance and any rules and regulations made in pursuance 
thereof. 

Section 3. And be it further ordained, That terms used in this 
ordinance are hereby defined as follows: 

The term “‘waste oils and greases” shall include all oils and 
greases which, by reason of previous use in and about vehicles, 
machinery or appliances of any kind, are in such condition as to 
be unfit for further use for such purposes without reclamation. 

The term ‘‘premises” shall Include all real and leasehold prop- 
erty where such vehicles, machinery, or appliances of any kind 
are used, operated, cleaned, repaired or serviced. 

The term “person” shall include persons, firms and corporations. 


Section 4. And be it further ordained, That any person violat- 
ing any of the poovinens of this ordinance shall be subject to a 
fine of Fifty Dollars ($50.00) for each and every offense. 

Section 5. And be it further ordained, That the Board of Fire 
Commissioners of Baltimore City are hereby charged with the 
duty of enforcing the terms of this ordinance. 

Section 6. And be it further ordained, That all ordinances, or 
parts of ordinances, inconsistent with the provisions of this ordi- 
nance be, and the same are hereby repealed to the extent of such 
inconsistency. 

Section 7. And be it further ordained, That in the event that 
any word, phrase, clause, sentence or section of this ordinance 
shall be declared invalid by any court, the remainder of the ordi- 
nance shall not be affected thereby, but shall remain in full 
force and effect. 

Section 8. And be it further ordained, That this ordinance shall 
take effect three (3) months after the date of its passage and 
approval. 

Approved May lith, 1927. 

HOWARD W. JACKSON, Mayor. 
Attest: A True Copy: 
JOHN A. SLOWIK, City Librarian. 


Collection Contracts 


In order to provide for the collection of these materials the 
city entered into a two-year contract with a collection company. 
Since the first contract expired, Sept. 30, 1929, the work has 
been done by three companies at different times. The cost to 
the city is shown in the accompanying table. 


During this sixteen-year period 4,287,714 gallons of oil and 
greases have been collected. This is equivalent to 263,860 gallons 
yearly at an average cost of 7.5 mills per gallon. 


Cost of Collecting Grease and Oil in Baltimore 
from 1927 to 1943 


Grease and 
Amount paid oil conected, 
gal. 


Contractor contractor 


71,701 
265,000 
318,000 
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The contractor is required to furnish steel drums for t 
storage and transportation of oil and greases where the amouw 
collected is more than 20 gallons weekly. For lesser quantitie: 
the containers are furnished by those who must dispose of th 
oil or grease, Containers must be collected within 24 hours afte 
they are full. 


The present contractor has three 1,000-gal. tank trucks fot 
the transportation of the materials. Each truck is equipped with 
a suction and a discharge pump for handling the oils. 


Oil Purification Plant 


Oil is discharged from the tank truck into an underground 
storage tank, from which it is pumped into a 2,000-gal. dehydrat- 
ing tank containing steam coils. Moisture evaporation is accom- 
plished by passing steam at 90 Ib. pressure through the coils 
for a period of five to eight hours. 


Dehydration is followed by sulfuric acid treatment in a 1,500- 
gal. storage tank. Sludge precipitated from the oil is disposed 
of in a lagoon. Clay is added to the partially purified oil which 
is then cooked with steam at about 600 deg. F. for eight to ten 
hours. During the cooking the higher volatile hydrocarbons 
such as kerosene, naphthalene, and the alcohols are distilled off 
for use as fuel in the steam generating plant. 


The oil residue is’ cooled to approximately 200 deg. F. and 
filtered in a Shriver plate press, producing a filtrate equal in 
quality to new oil and ready for sale. About 12 hours are 
required to complete the process. 


The collection and purifying of oil is not unique with Balti- 
more as similar plants are in operation in New York City. 
Philadelphia and elsewhere. The unique feature about the prac- 
tice is that Baltimore has adopted an ordinance requiring daily 
collection and disposal of greases and oils and has made 
necessary provision for having the work done. Since this ordi- 
nance has been in effect the sewers in the city have been remark- 
ably free from inflammable materials. 
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EQUIPMENT AND TOOLS FOR SEWAGE WORKS* 


Interstate Sanitation Commission 


AWEU! designed and well equipped 
sewage treatment plant should have a 

complete complement of tools and equip- 
ment necessary to its proper operation 
Quite often it is impossible to foresee, in 
the design of a plant, just what tools and 
equipment will be needed, and yet some 
attempt should be made to provide as much 
of the equipment as possible. Likewise, in 
the operation of a treatment works condi- 
tions and situations change, thereby making 
it necessary to increase the inventory of 
equipment and tools. In either case a list 
of tools, equipment, and materials for the 
operation of a sewage disposal plant will 
be helpful as a guide either to the design- 
ing engineer or the operator. Such a list 
has heen prepared and is presented here 
with 

Irrespective of the items appearing on 
any general list, it is essential that the 
manufacturer or supplier of various ma- 
chines and equipment furnish the special 
tools and spare parts for their equipment 
and machines 

Obviously, various types of plants re 
quire different types of equipment. The 
number of operators available, their pre 
vious trades and experience likewise mod- 
ify these lists. Some operators are adept 
in carpentry while others have a flair for 
working in metals. In either case it would 
be well to expand on the tools and equip 
ment suggested in the following to mect 
the particular ability of the operators 

At some plants only the smallest repairs 
are handled, while in others there are suf- 
ficient personnel to permit practically all 
of the maintenance repair work to be done 
at the plant. Accordingly the tools will 
have to be modified to meet these condi 
tions. The proximity of repair services 
likewise influences the type of tools that 
must be available 

The following list is indicative of the 
type of tools and equipment used in some 
hundred sewage treatment plants within the 
district of the Interstate Sanitation Com- 
mission (N.Y., N.J., Conn.) which extends 
about fifty miles across and includes New 
York Harbor and adjacent waters 


Equipment 
Adding Machine 
Alemite or Zerk grease guns for plant 
equipment 
Barricades 
Blower—Alr, portable—gasoline driven 
Brooms—Street, ordinary, industrial type 
Brushes— 
Flue 
Paint and Whitewash 
Scrubbing and long-handied 


Wire 
Blocks and Tackle for ‘4-in. and %-in 
rope 
Boots—Hip and knee 


type 
type 


for gasoline, safety 
5 gal. for kerosene, safety 
Rubbish 
Caulking Gun—for glass house windows 
Chain Hoist—one ton capacity 
*In the preparation of this list the writer 
is indebted to Marshall E. Ferguson, Field 
Technician of the Interstate Sanitation 
Commission, and to Joseph Doman, Sani- 
tary Engineer, Department of Public Works, 
Greenwich, Conn., and Lesile E. West, 
Chief Engineer of the Elizabeth Valley 
Joint Meeting, who have reviewed the list 
and very generously offered their com- 
ments he list was also checked against 
an inventory of the equipment and tools 
at the sewage treatment plant of the 
Belgrave Sewer District of which Herbert 
0. Johnson is superintendent 


W. & S. W. — Rererence & DATA 


SETH G. HESS 
Director-Chief Engr 


Concrete Mixer—Portable, gasoline pow- 
ere¢ 
Dippers 
Electric Drop 
with extension cord 
Electric Generator 
driven 
Electric Torch Light—1% or 3 
First Aid Cabinet 
First Aid Emergency 
rections) 
Fire Extinguishers 
Fire Pails 
Flags—Danger, for 
Flag Tripods 
Flashlights—Hand 
Flood Lights (to 
generator) 
Funnels—Assorted sizes 
Gaskets—Sheet rubber 
Gasket Paper 
Gasoline Engine for operating 3/16-in 
sewer rods mounted on a two-wheel trailer 
Gloves—Rubber and canvas, work 
Goggles—Safety 
Hydrometers—Battery 
Hose 


Light proof 
200 ft 


portable 


explosion 
gasoltne 
volts 


Chart (first aid di- 


street use 


operate from portable 


and Vellumoid 


and Alcohol 
flushing out sewers 


2%-in. for 
reducer) 


4x2 or 2%-in 
Garden type 
Spare Hose for chlorinator 
20 ft. suction with strainer and 100 ft 
discharge hose for use with power 
operated pump 
Nozzles—Shut-off type 
Ladders 
Extension to 
Step 
Lanterns—Red, also white globes 
Laboratory equipment as required 
Mop and Handle 
Padlocks 
Paint Sprayer 
Pails—12 qt. heavy 
Pencil Sharpener 
Picks 
Pumps—2-in.-4-in. portable, 
eentrifugal, diaphragm or piston 
engine driven 
Rope—%, \% and 1-in 
clothesline 
Rubber Raincoats, 
Safety Equipment 
Explosimeter 
Gas Mask (chlorine) 
Harness (safety belt) 
rope spliced on 
Oxygen breathing apparatus 
Oxygen deficiency indicator 
Respirator (for paint spraying, 
etc.) 
Scum Skimmer 
Sludge Sampling Equipment 
Sludge Shredder 
Sprayer—hand, fly 
Squeegees—Floor and windows 
Torches—Bomb type 
Truck—Light, for carrying equipment 
Two-Wheel Hand Truck 
Typewriter 
Vacuum Cleaner 
Waste Cans 
Wheelbarrow—Rubber-tired 
Wringer Buckets 


20 ft 


galvanized 


self-priming 
gasoline 


and sash cord or 


hats and suits 


with 25 ft. \%-in 
(Chemox) 


dust, 


Garden Implements 


Brush Hooks 

Garden Trowel 

Hedge Clippers 

Hoe 

Hose 
Garden type, approximately 
Nozzles—Shut-off type 

Insect Sprayer 

Lawn Roller 

Mower 
Lawn, hand or motor operated 
Edging 

Pruning Shears 

Rakes— 


300 ft 


Spade 


Sprinklers—Nozzle type 


Materials and Supplies 


Alcohol or Anti-freeze 
Assortment of bolts 
serews, cotterpins, rivets, 
cap screws, stud bolts, et 

or cans 


nuts, washers, 
lock washers 
stored in jars 


~ 1950 


New York, N. 


Y, 


Bricks—Common 
Calcium Chloride (for icy 
Caulking Compound and 
compound 
Caulking Compounds 
for glass house windows 
Caulking Yarn 
Cement 
Cement—Asbestos * 
Chain—Assorted sizes and 
Chamois Skins 
Cleaning Compound 
Cleaning Powders 
Cups— Drinking 
Cutter Wheels—spare 
Disinfectants (CN and others) 
Emery Cloth—assorted grades 
Fittings—Brass or Iron—assorted 
Flashlight Batteries 
Fuses— Assorted 


pavements) 
sewer joint 


Durolite or equal, 


lengths 


broiler 
assorted 


s1Zes 


reas For Ifibrication 
Hose, Nipples and Clamps for 
hose, extra 

Iron and Boiler Cement 
Kerosene 

Lead and Lead Woo! 
Light Bulbs 
Measures—Oil, 1 qt 
Mops 

Nails— Assorted 
Oakum 
Oil for lubrication 
Oil—Rust removing, penetrating 
Packing for pumps 
Paint Remover 

~ainter’s Drop Cloths 
Paints—Turpentine, linseed oil 
etc 

Pipe Joint Compound 
Pipe Stock—depending on system 
Plugs—Rubber Expansion 
Polish—Brass 
Putty 
Rags—Clean and sterilized 
Sand—Stone or gravel 
Sandpaper—Assorted Grades 
Soap 
Solder 
Soldering Paste 

; Handles for 


garden 


and 1 pt 


sizes 


thinners 


hammers, hatchets 


Spare parts for all machines and appa 
ratus 

Sponges 

Steel Wool 

Tape—Friction and Electrician's 

Thermometers— Assorted 

Toilet Paper 

Frinding Compound 
-— Wiping 

Wicks—For torches and lanterns 
Wire—Annealed, No. 10 and No. 16 


Tools 


Axes—spare axe handles 

Awls 

Bars—crow 

Bars—wrecking 

Bit brace and assortment of 
wood and metal 

Blacksmith's anvil, tools, forge and hand 
blower 

Bolt stock and dies 

Breast drill and assortment of drills 

Calipers—inside and outside 

Calipers—micrometer 

Caulking tools—water 
sorted sizes and types) 

Chisels—assorted 

Chisels—bull point 

Chisels—cape 

Chisels—cold 

Chisels—diamond point 

Chisels—round nose 

Chisels—assorted— wood 

Chisels—assorted—for air hammer 

“Cc” Clamps—assorted 

Cotter Pin Puller 

Countersink—assorted for wood or metal 

Cutters—wire 

Cutters—%-in. bolt 

Dies—assorted for bolt and pipe thread- 
- stocks 

-rills—assortment 

Drills—electric portable %-in. for twist 
drills No. 60 to %-in. with drill press stand 
mount 

Drills—electric 
drills No. @ to No 

Drills—hand 

Drills—press, bench 


bits for 


main type (as- 


pertable \4-in. for twist 
BO 


type 





Drills—star drills of 


screw, various 
assorted 


various sizes 
sizes 
sizes 


metal foot 
with B 


including 


P and 
steel ladle—for use 


and § 


for use witl 


v copper 
with 


copper 


pipe 


for use pipe 


ire and vacuum 


bench 
fine 


and type 


Grinder and wire 
brush 
Hac 
blades 
Hammers tall 
Hammers 
Hammers 
Hammers 
Hammers 
Han mers 
Hammers 
Hatchet 
Jacks—s 
Joint R 


justable frame with extra 
assorted 
type 


pein 
slacksmith’'s 
‘aulking 


sizes 


tubber Mallet 

Sledge type various sizes 
hydraulic various 
asbestos, for use wit! 


rew or 
unner 


sizes 
lead 
metal, 12-in. swing, 24 
is and appurtenances 
and Ladles 


in. centers 


tal frame, 18-ir 


oks 


lifting h 
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Mattock & rinsmith’'s and curved 
Nail various sorted sizes 
Oll Cans Square Point long 
quired 
Packing Hooks 
Packing Tools Snake—2 
Pipe Cutter ol or 
Pipe Cutter—wheels 
Pipe Taps 
Thread 


straight 
Sets sizes 
and short 


several types an« 


Round Point long and short 


assorted spiral 
and appurtenances 
large and small 
Tools—steel letters 


(spare) $ PF teel 
Stamping 

merais 

raight 


and nu 
Taps 


(combination), 


Kdge 
Threading stock 
Tripod 


Smoot! 


wit! 


33337 


bench, 7-in and gasoline 
oats, steel and cork 
pointing 
Resetting Tool 
benctl and pipe yx 


assorted assorted 
*rs— Diagonal 
rs—Gas 
rs—Combination 
rs— Needlenose 
rs-—Wrench 
Plumb Bob 
Puller—gear 
Punches—assorted 
Putty Knives 
Reamers—Hand, Taper 
Rules—6-ft. folding 
Saws—Rip, crosscut, compass and ke) various 
hole t set screw 
Saw Set wrench set 
Saw Vise Hydrant 
Scale Platform Monke) 
Screwdrivers Open end 
Screw Pitch Ratchet—socket set 
Scribers Socket—set of various 
Sewer Rods and Spanner 
and 5/16-in.—3-ft. lengths for h« Stillsor 
main line tions ‘ Torque 
Sharpening Stone Valve 


sizes 


cutting 


slip je rtable chain 
stand 


Tester 
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rasket cutter for making own 


set 
drift ashers 
elding 


sizes, cente 


outfit with appurtenances, gog- 


Pipe, Expansion 


sizes 


various Various sizes 


Gauge 


SIZE 


sizes 
attachments 
f various sizes 


connec 


SEWABAZOOKA FOR HOUSE CONNECTIONS 


requently 
below the level ot existing sewers, 


least 


some 


crossing the house connectiot tor at 


ne side of the street and necessitating 


provision for continuation of service during 


the period the house sewers are broken or 


displaced The problen ot matntaming 


sewer service under these circumstances 1s 


solved made gadget 
More 


ly, the apparatus keeps sewage out of the 
ditcl 


readily by use of a shop 


dubbed the “sewabazooka important 


open thus avoiding contamination 


the work in progress and eliminating 


complaints and unsightly conditions 


Essentially, the unit consists of two sheet 
(Fig 1) that 
Fig 2, to allow 


Lengths 


metal tubes telescope, as 


shown in for adjustment 


to varving conditions and 
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shown in 


sizes 
installation are as 
are 24 


longitudinal 


tor a house sewer 


2. All 


galvanized iron, the 


Figure materials 
rauge 
being of the 
The joint 
outer sleeve 


joints crimped downspout 


type between the reducer end 
and the 


To use the 


is soldered 


“sewabazooka,” it is tel 


scoped and the inner sleeve is slipped over 


the sewer coming from the house. By ex 


unit as required, the reducing 
| the 


end is slipped 
For ordinary grades and flows 


tending the 


into pipe leading to the 


main sewer 
leakage is prevented by the overlap of the 
slip joints 
flat 
with 


If, however, excessive flows or 
grades tighter joints, packing 
a litthe oakum or caulking compound 


require 


generally will sufhee 
The 


fabricating the 


1 4-1 


total cost of materials and labor for 
unit illustrated, which is for 


house sewer, was $3.50 
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Telescoping sheet metal sleeves are easily fabricated, 
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Fig, 2—Details of “sewabazooka” for 4-in. house tion 
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THE DUAL-FUEL ENGINE AND ITS APPLICATION 
TO SEWAGE TREATMENT PLANTS* 


W. R. CROOKS 
Resident Engineer 


The Cooper-Bessemer Corporation, Grove City, Pa. 


HE dual-fuel engine is an extremely 
valuable source of power for sewage 
treatment plants, not only because of its 
use of a by-product of plant operation, but 
also because of its versatility of applica- 
tion and economy of operation. Its obvious 
advantages are such that development has 
been extremely rapid—so rapid, in fact, 
that the commercial aspect often has been 
forgotten and the work pursued like a 
hobby 
Experimental work with the dual-fuel 
engine has lead to the most efficient engine 
known, with a thermal efficiency of 40 
per cent at full load. It has lead, also, to an 
extremely economical source of power 
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Fig. 1—Relative Cost of Fuel Oil vs. 
Natural Gas 


having an extremely low maintenance cost. 
One dual-fuel engine completed 26,400 hr. 
of operation in the spring of 1949. This 
engine was operated at overload for a con- 
siderable part of the time, so that the load 
factor for the elapsed time it was in opera- 
tion is more than 100 per cent. During the 
first overhaul, a new set of piston rings 
was all that was necessary to start this 
engine on its second lap of producing power. 
It was not even necessary to grind the 
valves. 

This paper describes briefly what the 
dual-fuel engine is, the need for this engine, 
its development and present status, and its 
advantages in a sewage treatment plant. 


Meaning of Dual-Fuel 

The dual-fuel engine has been officially 
defined by the Diesel Engine Manufacturers 
Association as “One which uses all oil fuel 
on the diesel cycle, or predominantly 
gaseous fuel with oil fuel ignition, and is 
fully convertible from one fuel to the 
other.” Term “gas-diesel” is officially de- 
fined as “A dual-fuel engine that is not 
instantly convertible.” The only difference 
between the gas-diesel and the dual-fuel 
engines is that some parts of the fuel 
system may be altered to convert a gas- 
diesel to a dual-fuel engine. Cooper-Bes- 
semer dual-fuel engines were carey out 
prior to the definition by D.E.N 80 
were called gas-diesel engines. Haeaear 
they are dual-fuel engines, being instantly 
and, if desired, automatically convertible 


*Reprinted from Sew. Wks. Jour., Vol. 21, p. 957 
by permission. 


w.&s. W.— 


from fuel oil to 95 per cent gas and 5 per 
cent pilot oil for ignition purposes. The 
terms gas~liesel and dual-fuel are used 
synonomously in this paper. 


Some preliminary work was done on the 
dual-fuel engine in 1928. The original de- 
sign was rather expensive, and performance 

was not too satisfactory. The conclusion 
was reached at that time that the market 
for such an engine was quite limited and 
that there was little to be gained in devel- 
oping it commercially. Many users of 
heavy-duty gas engines were then using 
waste gas from the oil industry or sewage 
treatment plants as their source of fuel 
Where low cost gas was not available, 
diesel engines were offered as a source of 
power. 

Diesel fuel oil sold for approximately 
4c per gal., which is comparable to gas 
costing 25c per 1,000 cu. ft. As the price of 
fuel oil increased and long-distance gas 
pipelines became more numerous, it be- 
came apparent that there was an economic 
need for the dual-fuel engine. Such an 
engine permits the use of gas when it is 
available, yet does not disturb engine opera- 
tion when gas is not available due to ex- 
tremely cold weather or failure of the gas 
supply. With fuel oil selling for 1c to 15¢ 
per gal., the savings are obvious (see Fig. 
1). Figure 2 shows the yearly saving per 
1,000 h.p. of a gas-diesel over a spark-ignited 
gas engine for various prices of oil and gas. 
The savings obtainable by using a gas-diesel 
over an oil diesel engine are shown in 
Fig. 3 


Basic Principles 

The basic principle of the dual-fuel en- 
gine is quite simple. Air and gas for com- 
bustion are fed into the cylinder ahead of 
the compression stroke, just as in the con- 
ventional gas engine. At the end of the 
compression stroke the fuel is ignited by 


injecting a small amount of fuel oil into 
the cylinder 

Such a combustion cycle was considered 
impossible from the time of the perfection 
of the heavy-duty gas engine (about 1910) 
until the commercial development of the 
dual-fuel engine in 1945. Because the high 
compression in the diesel cylinder is hot 
enough to ignite even heavy fuel oil, it was 
assumed that a combustible mixture of gas 
and air would start burning before the com- 
pletion of the compression stroke. It was 
logical to assume that pre-ignition would be 
so severe that such an engine could not be 
operated. Every manufacturer of gas en- 
gines had found that compression greater 
than 115 to 125 p.s.i. was very sensitive to 
pre-ignition and it was only possible to 
reach such compressions after carefully 
removing the “hot spots” from the cylinder 
and pistons. Engineers early learned that 
a mixture of approximately 1 volume of 
1,000-B.t.u. gas and 10 volumes of air was 
a perfect air-gas ratio and gave the maxi- 
mum power in a gas engine. All experi- 
mental work in attempting to increase the 
compression was done with this perfect 
mixture until the dual-fuel development 
As soon as the mixture was changed to 1 
part of gas to 15 to 30 parts of air by vol- 
ume, it was found that the combustible 
mixture of air and gas could be compressed 
to at least 550 p.s.i. without a trace of pre- 
ignition or combustion knock. The basic 
principle of the dual-fuel engine is as sim- 
ple as that. There were numerous details to 
be worked out, however, before the basic 
principle could be made commercially avail- 
able. The old adage “Trifles make for per- 
fection, but perfection is no trifle” applies 
here. 

Figure 4 shows the comparative heat 
consumptions of various types of 4-cycle 
engines and indicates graphically the reduc- 
tion in fuel consumption by the dual-fuel 
engine. 
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GAS ENGINE CONSUMPTION* 9500 BTU/BN ae 
GAS-DIESEL TOTAL CONSUMPTION 
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Fig. 2—Fuel Savings—Gas-Diesel over Spark Ignited Gas. 
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= "% the necessary heat. This combination pro- 
| mm oa vides an over-all thermal efficiency of 65 

~~ FUEL SAVINGS I | | | per cent. 

' R ! | 

a . vee. 2 3. It is a source of a definite amount of 
OIL FUEL CONSUMPTION =.375LB8/8HP/HR.| ‘dependable power at all times. If the sew- 
GAS- DIESEL TOTAL CONSUMPTION age gas supply is not enough to meet the 
(INCLUDING 5% PILOT OIL)* —-7 
6400 BTU/BHP/HR. | 


power demand, other gaseous fuel (such as 
natural gas) or fuel oil will automatically 
make up the additional fuel requirements. 


ay 
° 
° 
° 
° 





| 
ke 4. It will give long life due to extremely 
eS thorough combustion and relatively low 





operative temperatures. 


Recent developments, such as running the 
gas through purifiers, effective protection 
of the parts against the corrosive action 
| of sewage gas, use of chrome plated top 
20000 T | t pies ; T —__ ring, and basic-type lubricating oils, promise 
to reduce cylinder and valve wear to that 
obtainable with the use of the highest grade 
of fuels. 








SAVINGS- DOLLARS PER YEAR PER 1000 HP 


With the higher cost of fuel and the 

greater amount of power obtainable from 

| each cubic foot of sewage gas, it is definitely 

40 50 60 70 indicated that more and more dual-fuel 

COST OF GAS-CENTS PER 1000 CU FT engines will be used in sewage treatment 


Fig. 3—Fuel Savings—Gas-Diesel over Oil Diesel plants. 











Many dual-fuel engines are operating in | T | T | T 
practically every type of stationary service 18000 | | | | | 
in sizes ranging from 125 h.p. to 3,400 h.p. 

Dual-fuel engines have been perfected to 17000) ee te td fp ge 


the point where, by comparison with the 
conventional high grade spark engine, they 16000 ON NET HEAT VALUE BASIS 
require 30 per cent less fuel at full load 


_ ~ nde ona sap at —— — 15000 ATMOSPHERIC GAS- DIESEL _| 
Oo produce L.p.-nr,. y supercnarging, 1 
output of any given engine has been in 14000 \ \ Af eae ren 

NX -runsocnarcec GAS - DIESEL 


creased as much as 75 per cent. This in- 

creased power from a given foundation and 13000 A TURBOCHARGED DIESEL 
; 4 Asa GAS-DIESEL 

12000 + ‘ --SPARK- IGNITED GAS 


engine size appreciably reduces the build 
1000 a ; aS 4 | | “in | 
10000 A\/ SS - 
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ing and installation costs. 
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Looper Bessemer gas engines have been 
in successful operation in sewage treatment 
plants since 1933. They have made a good 
record, but from a knowledge of disposal 
plant operations it is believed that the dual- 
fuel engine is even better fitted for this 
service because: 

1. It provides a source of power as a 8000 
diesel engine to put the sewage disposal 
plant into operation, thus freeing the plant 7000 
from standby charges for electrical power 

6000 


2. It eliminates the need for separate 
heating equipment both for the building and 20 30 be at... ems taal 80 90 100 


for starting the digestion process, as the 
waste heat boiler and jacket water provide Fig. 4—Comparative Fuel Consumption for Various Four Cycle Engines 
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Some Relationships Between Current Flow and Heat Production 
One Kilowatt One B.T.U. per Min. 
= 56.92 B.T.U. per min. = 0.01757 KW. 
= 1.34 horse-power. = 0.02356 H.P. 
One Horse Power One Horse Power/Hour One Kilowatt/Hour 


= 42.44 B.T.U. per min. = 2,547 B.T.U. = 3.415 B.T.U. 
= 0.7457 KW. = 0.7457 KW.H. = 80.46 H.P. 
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bpocitt “CHICAGO” PUMPS 


or Maximum Service At Least Maintenance Cost 


HORIZONTAL NON-CLOGS For sludge recirculating. New im- 
proved design; most trouble free non-clog obtainable. 


FLUSH-KLEENS For sewage lift stations. Positively clog proof. 


i 


“VERTICAL NON- 
CLOGS For row 
sewage. Rugged, 
heavy duty; quiet; 
cannot misalign 


SCRU-PELLERS > 
Cuts coorse matter 
as it pumps 


ek iad 
ne tenets 


" hits 


WHEN you specify a CHICAGO Pump you are assured of equip- 
ment specifically designed for the job. Rugged, large diameter 
shafts, heavy duty bearings, all working gear designed for more 
horse power than will ever be called for. This construction assures 
long, trouble-free service. 


Compare the CHICAGO Sewage Pump to any other before you 
specify. 


CHICAGO PUMP COMPANY 


SEWAGE EQUIPMENT DIVISION 


Write for engineering details. 


2300 WOLFRAM STREET 


Plush Kleen, Scru-Peller, Plunger 
Horizontal and Vertical Non-Clogs 
Water Seal Pumping Units. Samplers 
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CHICAGO 18, ILLINOIS 


Swing Diffusers, Stationary Diffusers, 
Mechanical Aerators, 
Aerator-Clarifiers 


Combination 
Comminutors. 





SEWAGE QUALITY AND CONDITION 


Plant Operation and Efficiency and Some Remedial Measures to Improve Sewage Quality 


Effects on 


numere lants indicz 


at few tactors, ver than those 
ibutable to have 
int opera 
quality 
plant 

the raw 


industrial wastes, suc 
upon pli 
condition of 


rival at the 


predominating eflects 
tior as does the 
the sewage upon ar 
and condi ! yt 
arrives at the treatment works 
umportant effects upon operation, loadings 
and efhciency t tre t plant units 
Stale imposes limita 


perational problems bey 


sewart 


atmet 
sewage 
ond 
yperator remedia 
applied at the source 

the tributary systen 

most effectively be 
minimized at the time the 
designed, but unfavor 


and 


system 15 
existing systems ma 


improved 


conditions in 
ve effectively 


Causes of Septic Conditions 
Among the mor 

spetic conditions are the feltanion 

1 Undesirably flat grades, small 
uneven alignment and grades, and over 
size pipe, all of which are reflected in 
the lodgment of organic deposits 
Oversize pump wells and pump suction 
arrangements that do not effect adequate 
dewatering of the well time the 
pump operates 
Backflooding of 


comm causes Gl 


flows 


each 


main sewers, and re 

luced velocities, coincident with non 

uniform flow, due to too high an eleva 

tion of high water in pump wells; due to 
surcharge from tidal outlets, or due to 
backflooding of lines from 
verloaded main sewers 


secondary 


Results of Foregoing Conditions 
The foregoing conditions frequently 

cause rapid deterioration in sewage qual 

ity with important and undesirable cons¢ 

quences, including 

a) Disintegration and liquefaction of 
solids, with reduction of settleable sus- 
pended solids and increase in non- 
settleable and dissolved solids 
Increase in dissolved and non- 
able B.O.D 
Early gasification of solids 
Excessive hydrogen sulfide formation 
with attendant nuisance, deterioration 
of structures and equipment, or other 
difficulties 
Substantial 
mand 
The se 


settle- 


increase in chlorine de- 
undesirable changes in condition 
of sewage cause a reduction in the overall 
effectiveness and the efficiency of sedi 
mentation; increase the loadings on, and 
cost of secondary treatment; frequently 
comprise the principal cause of odor 
nuisances; increase the cost of chlorina- 
tion; and, in general, impair the overall 
efficiency attainable by treatment. 


Remedial Measures in Existing Systems 

Correction and improvement of condi- 
tions in existing systems may be accom- 
plished by various methods. 

In this connection it is pertinent to 
peint out that (in a parallel with the 
ancient axiom of “one rotten apple in the 
barrel”) a few focal points of development 
of septic conditions can be reflected in 
predominating changes in overall condi- 


ELSON T. KILLAM 


Consulting Engineer, New } 


quality I the entire 
systen 

the cx 
limited 
benefits 


and sewage tron 
ributary 
In reverse, yrrection of conditions 
of relatively 


ippreciable 


scope may result it 

\ 

Various measures which may 

Ipful inc the following 
omprehensive and routine 


prove 
lude 
~ gran 


ushine rouble 


of stream flow at strateg1 
weather flow 
reduction of 


g dri periods 
4. Improvement and 
pump wells 


5. Regulation of 


size ot 
range of pump well levels 


Prechlorination at “upstream” locations 


Precautions in the Design of New Systems 
\mong 

tions in 

tems are 


>trict 


adherence to 
grade 


standards 

2. Adoption of pumping 
cases 

3. Use of 
longer lengths in critical reaches 

4.1 smaller than normal pipe on short 
dead-ends—where limited flow is an- 
ticipated 

5. “Built in” provisions 

6. Use maximum 
tion to obtain 
grade 

7. Provision of extra drop to 
velocity at angle manholes 

8. Provide free drop where laterals 
larger sewers 

9. Minimize velocity 
sizes change 
Provide multiple pump units or vari- 
able speed pumping, to maintain great 
est possible continuity of station output, 


the 
the design of 
the following 


more important considera 


new sewerage sys 


adequate minimun 


for borderline 


pipe with smooth interior and 


flushing 
construc 
line 


tor 
care during 
best possible and 
maintain 


join 


reductions where 


System 
Designation 


A Small system serving 2,000 population 


S Another small system in same municipality 


Small system serving 5,000 population 
D Large system—serving 100,000 
in outfall 
E Large system—moderate grades 
F System serving 10,000 


Description of Salient Features of 
ollecting System 


population 


designated by analysis as sus 
volatiles, provide an important 
the condition of the sew 
or “Fresh.” 
percentage of volatile solids 
the removal of suspended 
ill be high. Of greater importance, 
the B.O.D. in the primary 
treatment units increased, with 
consequent reduction of load on the plant's 
phases of treatment 
24-hour tests of a 
systems in various 
it was found that the propor 
suspended solids which 
and therefore adaptable to 
treatment by sedimentation, 
as SO per cent to as 


solids 
pended 
indication of 
age, Le., “Stale 
lt a high 
are settleable, 
solids w 
removal ot 


will be 


secondar 
In a 


ot sewerage 


series ol group 
parts ot 
the country 
tion of volatile 
were settleable, 
effective 
high 
cent 
The matter of grades in the tributary 
the extent of the system, an 
ewage temperatures account tor most 
this variation in raw sewage cha 
acter. li we assume that under avera 
conditions approximately 60% of the su 
pended solids can be removed by sediment 
tation, it 1s obviously ol basic importance 
whether 80% of total organic soli 
are of a character susceptible to a 60 
removal, or whether only 36% of the tot 
are settleable to start with. In othe 
words, 60% of 80% means a removal 
48% of the volatile solids in the first in 
stance, as compared to but 00% of 369 
or 22% in the latter case 

Every hundred pounds of B.O.D. thal 
goes down in settleable form which other 

after being dissolved would go on ¢ 

filters, or to the activated sludge a 
represents a very tangible increase if 
load on the secondary units of the plant. 

The comparative conditions in these val 
rious systems may be summarized as fol 
lows 


aried trom as 


low as 36 per 
systems, 


wide 


the 


wise, 
the 


cess, 


% Total Wola 
Solids Reported 
as Suspended 
steep grades—short outfall 
similar conditions 
grades —short outfall 
steep grades—high velocities 


80% 


steep 





some flat grades 


G System serving 8,000 population with some lines on flat grades 


H System serving 8,000 population with large proportion 


supplemented by provisions for 
riodic high velocity flushing. 

11. Set pumps down to low water level in 
well and keep maximum water level be- 
low incoming sewer 

12. Avoid oversized force 


pe- 


mains 


Reference to Specific Cases 

Case (A): 
In one study to determine the source of 
extensive odor complaints it was found 
that an old pump well—better described 
as a storage reservoir—increased the 
chlorine demand from 12 ppm. in the 
influent to over 30 ppm. as the sewage 
left the well. The excess chlorination 
cost for each 1 mgd. flow would amount 
to over $3,000 per year. 

Case (B): 
In the absence of certain industrial 
wastes, the proportion of total volatile 


Ww. 


on flat grades 


A Clear Cut Experience 


In an investigation of a system serving 
three municipalities with an aggregate pop- 
ulation of 60,000, there were indications 
that the plant was seriously overloaded. It 
was found, however, that the peak flows, 
even during extremely severe storms, sel- 
dom exceeded twice the average daily 
flow, and inasmuch as the system involved 
a long outfall with a low velocity, and there 
were evidences of septic sewage, a careful 
study was made of the collecting system 
and the condition of the raw sewage prior 
to developing any plans for plant enlarge- 
ment. 

Even in extremely cold weather the sew- 
age was found to be highly septic, with high 
chlorine demands, excessive hydrogen sulfide 
content, gasification of sludge in the pri- 
mary tanks, periodic development of of- 
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and other undesirable condi- in order 
main line 


fensive odors, 
tions 

It was accordingly recommended that e) 
the program for enlargement and improve 
be deferred until corrective methods 
tributary system in the 
quality of the j, 


With the 


cities involved, 


ments 
were adopted in the 
im attempt to improve the 
iw sewage 

The recommendations included 


raw 


that (4d) and 


beer 


steps 


of operation of a consid 


old flush tanks in 


1) Resumption 
erable number of 
the system 

b) Establishment of 
prehensive program of 


to the adoption of 
a routine and com 
sewer flush- ppm. Since the 
instituted, for the 


been only 


ing 
The 
void 
Introduction 
at times 


value has 
ximately 


regulation of pumping levels to 
surcharge of incoming sewers pre 
ot brook water into the content 


system of dry weather flow remedial measures 


to mmprove 


Prechlorination. 


cooperation of the 
a striking improvement 
sewage quality 
In fact, the improvement was so pronounced 
fe) 
found necessary 


It is of interest to note that tests prior 


indicated a dissolved volatile content of 
corrective 
past 

147 ppm 
one-half the 
prevailing prior to the 


velocities in the The improvement can also be measured 
by the fact that, for all practical purposes, 
hydrogen sulfide has been eliminated; the 
chlorine demand has been reduced by 50% 

officials of the development of gas and flotation of 
sludge in the primary tanks has been prac 

tically eliminated ; the efficiency of primary 
sedimentation has been increased from 
vet 30% to over 50%, and the load on the trick 
ling filters has been reduced by approxi 
mately 30% 

Che foregoing examples and similar ex 
perience in other instances effectively dem 
measures were onstrates the desirability of careful 
average ‘Sideration of design features which 
ap- affect sewage quality and indicates the po 
tential effectiveness of remedial measures 
and “good housekeeping” on existing 
tems 


was brought about 


have not as 


corrective measures 
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dissolved volatile 
adoption of 


sys 


RATIO OF SLUDGE DENSITY TO VOLUME 


An Important Consideration in Operating 
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solids content changes determines the 

ost effective use of sludge handling and 

her treatment facilities in a sewage 
treatment works. 
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In this all important consideration it 
is, of course, the amount of liquid mixed 
with the sludge solids that determines the 
volume to be handled, and since the vol- 
time varies so markedly with the per cent 
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of solid matter contained, this fact has 
important significance to the sewage 
works operator and engineer. The effect 
yextends to the operation of digestion 
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‘tanks, concentration tanks, aeration units, 
pumping and piping facilities, sludge stor- 
‘age, and other treatment units. 

It becomes apparent that all the efforts 
jof a sewage works operator to secure a 
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‘more concentrated sludge contribute size- 
table dividends to plant efficiency and op- 
jerating expense, when one considers that 

rise in moisture content by a mere 2.5% 


VOLUME DECREASE PER 100 LBS SLUOGE SOLIDS 
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eans 100% more liquid volume to be 
thandled per one hundred pounds of sludge 
solids, when the water content rises from 
95% to 97.5%. By the same token a 
sludge of 99.5% water, as against 97%, 
has a volume 500% greater. When using, 
as a base, the same quantity of solids to 
be handled, a digesting sludge of 95% 
moisture oc wr just one half the space 
of a sludge of 97.5% moisture. The sig- 
nificance of this matter is that the digestion period of the sludge 
may be doubled by what may look to be an insignificant decrease 
of only 2.5% water content. If a sludge with 95% moisture 
passes through a digester in a theoretical (calculated) time of 
thirty days, and the sludge becomes thinned to 97.5% moisture, 
two things happen to give a serious change in digester operation. 
These are: 

(1) The solids pass through the digester in one-half of the 
theoretical time (actually more nearly one-quarter of the time, 
due to disturbance of solids, dilution, and intermixing of new 
and old solids). 

(2) It will require approximately 100% more heat input to 
maintain a given temperature in the digestion tank because there 
is twice the volume of liquid to be raised to the desired tem- 
perature. 

The marked changes due to a combination of these two effects 
are not hinted in the mere 2.5% more moisture content of the 
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VOLUME DECREASE PER IOOLBS SLUDGE SOLIDS FOR 
SOLIDS CONTENT VARIATION O5% TO 8% 


Curves Revealing Marked Effect of Sludge Volume Reduction Through 


Concentration. 


Note that increasing solids content from 0.5% to 3.5% reduces volume to 1/6 
original. This in the Activated Sludge Process is of great significance. 


sludge which appears in the operating records. On the other 
hand if we recorded sludge concentration in terms of pounds of 
solids per 1000 gals., or the reverse, rather than percent solids, 
the volume relationship would become very much more evident 
to us in following operating records. 

The relation of moisture content to the volume of sludge 
handled magnifies itself many times in activated sludge practice. 
For example, the difference between a sludge of 99.5% and 97% 
water is represented by a volume reduction of the magnitude 
of 6 volumes reduced to 1 and is of very real consequence and 
importance. The meaning of sludge volume decrease to an 
operator of an activated sludge plant may be easily evaluated 
upon a careful examination of operating data and any permissible 
measure of securing sludgé concentration has high justification in 
improved operation and economy. 

accompanyi graph shows the relation of sludge volume 
to solids content variations more fully than any number of words 
or further examples. 
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PROCESS...AND EQUIPMENT...FOR SEWAGE AND INDUSTRIAL WASTE 
ACTIVATED SLUDGE TREATMENT 


BIO-ACTIVATION PROCESS—a patented 
system utilizing the best qualities of trick- 
ling filters and activated sludge. Pre-treat- 
ment (pre-aeration and grease flotation) is 
employed to increase the efficiency of pri- 
mary settling so as to prevent overloading 
of secondary treatment. Primary treatment 
is followed by high capacity filters and short 
period intermediate sedimentation. Here, 


initial high removals of B.O.D. are obtained 
before sewage is passed to aeration tanks 
where activated sludge is developed. Be- 
cause of the intermediate filter treatment 
which considerably reduces the strength of 
the primary effluent, the liquor can be readi- 
1, handled by the activated sludge process 
without the usual upsets caused by excep- 
tional conditions and shock loads. 


Send for Bulletin No. 259A 


+ echanicaily Cleaned Screen with Grinder 
+ Grit 
+ Grit Hydrowash Unit 
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Comtrors 
Aeration and Grease Fietation Unit 
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i! 
Ti 


Tetescapic Draw-of Valve 
Drive Rotary Distribater (Reaction T ypy Optional) 
Collector 


JET AERATION— injects mixed liquor and finely di- 
vided air into the aeration tank. The force of this 
homogeneous mixture, traveling in the same direction, 
creates a mixing motion which insures intimate con- 
tact between activated sludge floc, diffused air, and 
organic matter. No other method of aeration produces 
the unusually high rate of oxygen absorption at re- 
markably low cost, as observed in actual plant o 
tion. Additional aeration economically provide 
existing plants. Present diffuser plate or tube installa- 


tions easily replaced. 


Fully described and illustrated in Manual No. 149. 


AiR 





Jet Aerator 
Showing Principle of Operation 


(Licensed by The Dow Chemical Co.) 


waste 
ACTIVATED SLUDGE 


Phentom view of typrcel 

Bre Activotien plant 

All the equipment shown is 

mode by The American Well Works. 


MECHANICAL AERATION — 
consists of a circulating pump 
with downdraft tube and hy- 
draucone assembly. As liquor 
passes through the pump, fine 
bubbles of air are drawn in and 
intimately mixed with the sew- 
age. This mixture is ejected at 
high velocity across the tank 
floor. Consequently, entrained 
air is distributed uniformly 
across the tank, and fine air 
bubbles, rising slowly 
to the surface, supply 
sufficient oxygen to 
maintain the activated 
sludge process. 
For large installations, 
batteries of AMERICAN 
Aerators are installed in 
single, large tanks with- 
out dividing walls because 
the pattern of recircula- 
tion sets up hydraulic baf- 
fles between the units, 
ther eliminating any 
possibility of short cir- 
cunts 


Send for Bulletin 
lo. 265 


No. 


ra- 
for 


SEWAGE PUMPING 


A wide range of raw sewage pumps for lift 

stations in collection systems, also for lift- 

ing and recirculating in the sewage plant. 
Send for Bulletins 237A and 250.4 


W. 


GRIT REMOVAL 
AM:RICAN CAMP REGULATOR—an ad- 


justable control to maintain velocity of sew- 

axe flow thru grit channels at optimum rate, 

rezardless of rate of flow thru plant. 

GRIT CONVEYOR —single strand, drag 

type. Carries grit to hopper for washing 

and removal. 

GRIT HYDROWASH—srit washed free of 

organic matter by turbulent downflow re- 

cizculation of liquor in grit hopper. 

GRIT ELEVATOR—tube type, totally en- 

closed for lifting well-drained grit to de- 

sired height. Manual or automatic operation 
Send for Bulletin No. 249A 


American 
Camp 
Regulator 
for 
Grit 
Channels 


Send for 
Technical 
Supplement 
"CR" 


SCREENING 


MECHANICALLY CLEANED BAR SCREE 
AND GRINDER—designed for wide ran 
of channel widths, settings, and arrang 
ments. Grinder attached to sorting tray . . 
shredded screenings returned to sewa 
flow. Send for Technical Supplement "MS. 


PRE-TREATMENT 
GREASE FLOTATION UNIT—removes 


grease and oils, produces simultaneous aeras 
tion and agitation, and oxidizes objections 
able odors. Send for Bulletin No, 260A 





No. 5500 Sludge Pump 


SLUDGE REMOVAL 
POSITIVE FLIGHT CONVEYORS—for rec 
tangular settling tanks. 
CIRCULAR CLARIFIERS—for 
tling tanks. 

PRIMARY SLUDGE PUMPS — Horizonta' 
and vertical dry pit types. 
Send for Bulletins No. 253A and 261A 


TRICKLING FILTERS 
ROTARY DISTRIBUTORS—positive drive 
and reaction types. Exclusive oil seal elimi- 
nates costly mercury. 

Send for Bulletin No. 257A 
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ARMCRE UNDERDRAINS 


When you buy ARMCRE you buy the complete floor 


ARMCRE—the standard of underdrains—is used in more installations, 
both municipal and federal, than any other block on the market 


Cover Plates 
4x8x 16to4x8x 30 
Perforated cover plates and plain 
for covering drainage channels. 


Armcre Standard Block 
5x 10x 16 
For best results in all standard types 
of filters. 


Armcre High Rate Filter Block 
7% x 10x 16 


Angle Cuts — For use around the 
periphery of the bed assuring maxi- 
mum drainage and aeration. 


Reducer and Reducer Extension 
10x5x7%x 16 
For passing through walls to drain- 
age channels. 


For use in high rate filters assuring 
sufficient drainage, aeration and 
cross ventilation. 


SPECIAL FEATURES 


All ARMCRE blocks are made 
from fire clay, vitrified and salt 
glazed, It is a one-piece unit. 


Tank Blocks —6 x 12 x 12 tank Cover Vent Blocks 
e blocks for outside walls of trickling 4x 8x 16 to 30 
filters. With openings to accept 4” or 6” 
vent pipe. 


No Finer Filter Blocks Made Than ARMCRE 


For further information we refer to ASTM Designation C159-48T 
Specifications for Vitrified Clay Filter Block for Trickling Filters. 


WRITE FOR ESTIMATING COSTS 


AYER-McCAREL-REAGAN CLAY CO., Brazil, indiana 
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We furnish free an estimate 
of the quantities needed, and 
a lay-out of the floor for the 
contractor to use in the field. 
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Early Investigations 
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e interested in high-rate filters in 1935 
Halvorson’s filter in Minneapolis was 
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TABLE I.—Sanitary District of 


Lb. 
Recire B.O.D 


Period of lation | Removed 


Operation 


Rate 
mgad 


Type 
Filter 


| per 
Acre-Ft 


Year 1937 
Year 1937 


1,187 
1,079 


Deep 
Shallow 


1,198 


Aug.-Dec 
1937 

Aug.-Dex 
1937 


Deep 


Shallow 


At rates of 28 mgad. the B.O.D. in the 
effluent was 31 to 44 ppm., corresponding 
to about 50 per cent reduction from the 
influent, and suspended matter in the 
settled effluent ran from 28 to 54 ppm 
Later, the shallow recirculated filter, at a 
rate of 21 mgad., yielded an effluent con 
taining 31 ppm. B.O.D. and 37 ppm. susp 
solids, removing 1,347 Ib. B.O.D. per acre 
ft. and producing 3.6 ppm. nitrate plus 
nitrate nitrogen 

The best of these results, however, was 
far from satisfying the requirements of 
dilution imposed upon the District by the 
Supreme Court, so high-rate filters were 
abandoned in favor of activated sludge 
treatment, which produces effluents with 
only 8 to 15 ppm. B.O.D. and correspond 
ingly low suspended solids 

*Reprinted from Sew. Wks. Jour., Vol. 20, p 
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618, by permission 
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Sanitary District of Chica 
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Recent Studies 
Many 


nade by disinterested parties 
Walton investigations sponsored by the 
state sanitary engineers of the Upper 
Mississippi Basin, the summarized results 
reported by Dreier (Sew. Wks. Jour., July, 
1946; Water and Sewage Works, Jan., 
1947) and the report of the National Re- 
h Council on “Sewage Treatment at 
Military Installations” (Sew. Wks. Jour., 
Sept., 194¢ 


investigations lave also been 


such as the 


seare 


filter results in the latter 
report arranged in Tables VIII, 
IX, X and XI of the concluding summary 
report compiled by the NRC Subcommit 

Sewage Treatment in Military In 
stallations and published in the January, 
1948 issue of Wks. Jour. The tables 
group the data for four classes of filters 
1) deep, with no recirculation, (2) deep, 
with recirculation, (3) shallow, with recir- 
culation, and (4) two-stage The plants 
arranged in the order of filtration 
and nitrification results are 


The trickling 
were re 
tee oT 


Sew 


are 


loads, some 


Chicago High-Rate Filter Studies 


B.O.D. (p.p.m.) Susp. Solids (p.p.m 


Nitrate 


Effi- | 
ciency 


+ 
N t 
Eb : on 

| 
Final ciency 
(%) 


Inf (p.p.m.) 


31.1 
44.3 | 


57 


shown. Reference is made to these tables 
in the following discussion 

Table VIII in the summary report (Sew 
Wks. Jour., Jan., 1948, page 73) shows the 
first series. These filters were all about 
6 ft. deep and in most cases the load was 
quite low. Thus they could be classified as 
standard-rate trickling filters. 

At loadings up to 720 Ib. per acre-ft., 
except for the Fort Sheridan filter, the 
filters plus secondary settling tanks re- 
moved 85 to 92 per cent of the applied 
B.O.D., and the overall removal varied 
from 91.5 to 95.0 per cent. Fort Sheridan 
gave anomalous results, showing poor re 
movals probably because of excessive 
primary settling period, pooling, and high 
application rates resulting from excessive 
resting periods. Nozzles discharged only 
4.5 minutes out of 25, giving a very high 
momentary rate. 


W. 


Nitrification continued quite well up 
through the loading rate of 377 Ib. B.O.D 

but fell off at 429 and espe 
0 Ib. per foot. The low 
nitrification at Ft. Benjamin 
only 1.5 ppm. nitrite plus ni 
appears questionable with 
the 429 th. loading the ammonia N 
decreased from 21.1 ppm. in the influent 
to the filter to only 6.1 ppm. in the filter 
effluent. Since surely more than 1.5 ppm 
of this was nitrified it may be con 
cluded that nitrification active up to 
720 Ib. loading of B.O.D acre-foot 
mad (Table IX, 

summary report, Wks. Jour., 

lan., 1948, page 74 results for 
leven plants, with loadings from 245 to 
750 Ib. per acre-ft., and recirculation of 
24 to 358 per cent of the applied 
volume. Of the first four plants, Gordon 
was not very effective in removal of 
B.O.D. but removal of suspended solid 
was excellent. Leaving out this plant, th 
overall removal of B.O.D. was around 9 
per cent, up to a loading of 1,170 1 
B.O.D. per acre-foot 

The next four plants were loaded up t 
2,000 Ib per acre-it and gave decreasin 
removals and practically no nitrification 
Forrest and Jackson, at 2,530 and 2,870 Ib 
loading, gave decreasing removals, bu 
Callan, at the enormous loading of 5,75 
Ib., gave good removals. This was th 
prize camp in operation, possibly due t 
very good secondary settling, which re 
duced the B.O.D. from 418 ppm. in th 
filter effluent to ppm. in the fina 
effluent. Good flocculation and low over 
flow weir rates were probably responsib 
for the high removal. The camp was lo 
cated in Southern California. 

Table X in the NRC summary 
(Sew. Wks. Jour., Jan., 1948, page 
shows results for shallow filters, 
high rates of recirculation. The fou 
plants, except Kearns, gave poor filter 
results due to excessive growths of fungus 
on the filters 

The other three plants gave high B.O.D. 
removals up to 2,320 Ib. loading, but ob- 
viously with no nitrification. Kearns gave 
11.3 ppm. nitrite plus nitrate N with 792 Ib. 
loading, but with excessive recirculation 
far beyond the bonds of economy 
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rhe last four plants gave poorer results, 
down to 58 per cent overall removal (first 
stage) at Frances Warren, the most 
heavily loaded filter included in these 
studies. This was only the first stage, the 
final effluent from the second stage being 
reduced to 66 ppm., an overall removal of 
84.8 per cent. Plant efficiency was reduced 
by return of a heavy supernatant liquor, 
and also because of the severe Wyoming 
winter weather. 

Results for two-stage filters are given 
in Table XI of the NRC summary report 
(Sew. Wks. Jour., Jan., 1948, page 77). 
These results were all good at moderate 
loadings except Warren, which was some- 
what inferior for reasons given above. 
With the very high loading of 5,280 Ib., 
Camp Roberts gave quite inferior r- 
movals 


Discussion 


The individual results in Tables VIII 
to XI of the NRC summary report have 
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TABLE II. 


oe 


Range 
Toading 


p Dewgnation 


No Recire 253 to 


Deep 


| Deep, Recire 245 to bl 


Two-Stage 192 to 
Shallow, Recire 

| Deep, Reeir« 
Deep, No Recire 

| Deep, Recire 

| Shallow, Recirc. 


' Second stage. 


been summarized in various groups in 
Table II, with increasing loadings from 
253 to 8,250 Ib. per acre-foot. The first 
group, deep filters without recirculation, 
gave 93 per cent overall reduction and is 
characterized by high nitrification and 
low volumetric and organic loads applied 

Next, recirculation enables the loads to 
be increased to 1,170 Ib. per acre-ft., and 
in general results improved as recircula 
tion ratios increased. At Boca Raton a 
filter rate of 14.9 mgad. plus 358 per cent 
recirculation gave an effluent with only 16 
ppm. B.O.D. 

Recirculation thus improved consider- 
ably results from a deep filter at 1,170 Ib 
per acre-ft. application, but the rate of 
recirculation seems too high for such a 
dilute sewage 

Next, two-stage filters gave 
results but most of the work was done 
the first stage. 

For higher loadings, up to around 2,000 
Ib. per acre-ft., shallow filters with con- 
siderable recirculation (from 280 to 1.050 
per cent) were able to produce around 90 
per cent overall reduction of B.O.D. and, 
at Kearns, considerable nitrate with the 
highest rate of recirculation 

\ mathematical analysis by Dr. Thomas 
(Sew. Wks. Jour., Sept., 1946, page 975) 


excellent 
in 


Summary of Trickling Filter Plant Operation 


B.O.D 
Efficiency 
Filter and Sec 
Setthng 


= 
| 


.D Overall B.O.D 


Reduction 


3.0.D 
maining 


429 


930 


792 to 2320 
1100 to 1950 
720 to 2130 


2530 to 5750 
2370 to 8250 


indicates that an 800 per cent recirculation 
rate gives the maximum in ca 
pacity of high-rate filters 

Finally, at high rates of loading, trom 
2,370 to 8,250 Ib. per acre-ft., results were 
quite inferior to those produced by a 
standard low-rate filter 

It is interesting to 
above 2,000 Ib. per acre-ft. resulted in 
effluents containing around 70 ppm. B.O 
D., overall removals of 78 per cent, and no 
nitrification. This is far from the quality 
of an effluent from standard low-rate filter 
operation, even though the loading is less 
than the 3.000-Ib. rate used in design of 
high-rate filters 

None of the filters loaded at over 2,000 
lb. B.O.D. per acre-ft. produced nitrifica- 
tion. For the period during which nitrogen 
tests were made, of the results are 
she wn below 

It will be noted that the ammonia nitro 
gen shows very substantial reduction in 
the liehtly loaded plants, with correspond- 
ing high nitrates in effluents. For sinele 
stage plants, at loadings in excess of 974 
lb.. ammonia is reduced very little and 
there are no nitrates. Two-stage plants 
show nitrates 

Considerable oxidizing intensity is nec 
essary to promote nitrification. The am 


increase 


note that loadings 


some 


monia present requires 4 oxygen to | 
nitrogen, or 4.56 times the 
ammonia nitrogen This can require con 
siderable air in activated sludge treat 
ment, or filter sur for oxidation 
and therefore the must be 
low if nitrification is to occur 

It seems difficult to believe, therefore 
that effluents from high-rate filters, dosed 
at rates higher than 1,000 Ib. B.O.D. per 
acre-ft. per day, are just as completely 
treated as effluents from standard low-rate 
filters. There is a fallacy in using only the 
5-day B.O.D. to measure the results ac 
complished 

For many conditions of disposal, how 
ever, a nitrified effluent is unnecessary 
and for such conditions, intermediate 
grade effluents will suffice, such as those 
from chemical treatment as well as from 
high-rate filters. For Army camps, urgent 
well as temporary, such filters were 
highly satisfactory. Are they as satistac 
tory for permanent use in municipal in 
stallations ? 


decrease in 
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Ammonia 
Nitrogen 

as N 


| 
(p.p.m.) Nitrite + 


ae: ___| Nitrate N 
j | ‘P-p-m.) 


per Day | Influ- 


Campbe! u 
Fitzsimons G. H. 
Benj. Harrison 
Swift 

Leonard Wood 
Carson 

Drew Field 
Jackson 

Knox 

Bragg 

Kearns AAF* 
Gordon* 

F. E, Warren* 
Claiborne! 


17.4 
0.9 
1.5 
11.8 
19.5 
2.0 
0.9 
08 
1.9 
Tr. 
12.3 
5.0 


7.0 
1.2 


}29.1| 3.9 
| 19.9 |12.1 
21.1| 6.3 
‘o74| 97 
| 44.2| 9.2 
14.3| 8.0 
| 25.1 |18.2 
2930 | 29.0 /20.4 
1563 | 15.7/|13.4 
3900 | 33.5 |32.0 
678 | 26.0 |22.0 
392 | 22.6 /16.6 | 
980 | 46.1 |21.9| 
1040 | 32.0 |24.0 | 


172 


320 





' First-stage. 
* Two-stage. 
* Recirculation, 1,050 per cent. 


HIGH-RATE FILTER PERFORMANCE-A DISCUSSION 


W. A. HARDENBERGH 
Editor 
Magasine, Nex 


HE performance of high-rate trickling 
filters is a matter of record. Some- 
what over a hundred such filters were 
built to serve military establishments 
during the war. On these, there are avail- 
able the excellent data prepared by the 
National Research Council Sub-Commit- 
tee on Sewage Treatment at Military In- 
stallations (1). Operation records on many 
of the high-rate filters used by munici- 
palities and industries are also available, 
but these data are not generally so com- 
plete and authentic as those from the mili- 
tary establishments 
There are four types of high-rate filters 
They are described, in the words of the 
manufacturers or their representatives, as 
follows: 
“Biofilter (2) is a term applied to high- 
rate filters, normally comparatively shal- 
low, which employ the recirculation 
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Public Works York City 


of all or part of the filter discharge back 
to the detention tank. The recirculated 
filter discharge may be filter effluent, or 
secondary clarifier contents, underflow or 
effluent.” 

A\cro-Filters are “one classification of 
the ‘high-rate’ trickling filter group” hav- 
ing “a low momentary rate of sewage ap- 
plication whereby a high daily capacity 
for B.O.D. reduction is obtained.” This 
process (3) “applies the sewage over the 
media in a very thin film . . In the 
Aero-Filter recirculation is used at pe- 
riods of low sewage flow in order to main- 
tain a minimum necessary rate of applica- 
tion at which the distributor will function 
properly; it is also beneficial for treating 
strong wastes. 

“The Accelo-Filter system (4) involves 
the direct recirculation of unsettled 
effluent from a biological filter back to the 
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inlet of the filter distributor. This process 
may be used with either low-rate or high 
rate filters.” 

“Reversible double filtration 
sists of two trickling filters arranged to 
be operated for two-stage filtration with 
provision for reversing the sequence of 
the filters that each may alternately 
serve as the primary and the secondary 
filter. This will allow the primary filter to 
be utilized with maximum effectiveness by 
applying, for short periods, loadings ap 
proaching the limit of the capacity of the 
filter. The secondary filter meanwhile will 
operate under much reduced loadings 

Loadings for high-rate filters are now 
quite well established in the range of 3 
b. of raw sewage B.O.D. per cubic yard 
of stone per day. With the reduction 
obtained by primary treatment, the applied 
B.O.D. is generally designed to be a little 
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Since B.O.D. removal is proportional to 
the load applied, a higher B.O.D. loading 
will always result in an effluent containing 
a higher concentration of B.O.D. This 
applies to any particular process, but by 
means of recirculation or two-stage treat 
ment much better results can be obtained 
than with a single passage of the sewage 
through the filter. Single-stage high-rate 
filters without recirculation may accom 
plish a removal of 70 per cent of the 
applied B.O.D., or sometimes a little bet- 
ter. With an applied sewage of 200 ppm., 
this means an effluent with about 60 ppm 
To obtain an effluent containing only 30 
ppm. of B.O.D., with the relatively stand 
ard loading of 3,000 Ib. per acre-ft., or 1.86 
Ib. per cu. yd., recirculation is necessary 
According to Gloppen (3), in order to 
maintain an effluent of 30 ppm. B.O.D., the 
applied sewage should not exceed 135 ppm 
B.O.D. Normally recirculation will be 
required to dilute the settled sewage to 
this strength 


Two-stage treatment will accomplish 
remarkable results, even with heavy load 
ings. Camp Roberts (1), with a loading 
of 8,680 Ib. per acre-ft.. or more than 5 
Ib. per cu. yd. of filter media, produced an 
effluent with an average strength of 53 
ppm.; Fort Warren with a loading of 
8,520 Ib. per acre-ft. produced an effluent 
with 66 ppm.; and Fort Sill, with a load 


440 Ib., or 4 1b. per cu 
with 26 ppm. of B.O.D 
1. plant at Luberty 
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about the 


clarifier 
oug! a magnetite 
betore ‘ ing 
l or 1944 are 
same that have been attained con 
sistently ever since the plant was put into 
operation in the fall of 1940. Operation is 
by one which accounts for the day 
tests. During the winter, the 
s operated without recirculation as a cor 
ventional trickling filter, with satisfactory 
since the population load is then 
Liberty summer re 


sci 


as those 


man, 
time 


esults 


u lower being a 


more knowledge 
about the requirements for underdrainage 
and ventilation in filters. Certainly, ade 
quate provision should be made to remove 
the liquid promptly and to provide air to 
the bed, not only when the plant is new 
but also after it has been im service tor 
many years and has accumulated a con 
organic growth who have 
iad the experience of removing the stone 
fron old filter will appreciate the 
amount of material that is found in them, 
in the bottom few inches 
through which the filtrate must pass and 
air must enter 
Pretreatment should be the best that can 
provided. Anything that can be re- 
moved by settling results in that much less 
load on the secondary treatment units 
The necessity for good design and ade 
quate provision in final settling is just as 
great. It is well to remember that the 
clarifier following the filter is essentially 
a part of it, and must do its share in re- 
moving the settleable material in the filter 
effluent 

Media size and type for best treatment 
results have not been determined. A care- 
ful study of filter operating results does 
not give any conclusive basis for design 
There is general agreement that the stone 
should not be too small, nor too large 
Probably 24%- to 3%-in. or 3- to 4-in. rep- 
resents good general practice and is desir 
able. The writer’s preference would be 
for the larger stone, even in the secondary 
units of two-stage filters. Tile media have 
rot been widely used, but should certainly 
be considered for strong sewages. Accord- 
ing to Banister and Ellison (6), tile block 
is a “uniform material, permanent in char 
acter and self-cleaning. It will not pond 
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normal design loading for a tile 
high-rate filter is about 3.33 Ib. per 
permitting the ot a 
ot the size ot a rat 
smail 
thus providing odor 
better treatment 
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high-rate filters as roughing filters carry 
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tor 


appears reasonable to say, 
high-rate filters, that a sound 
design exists, but there is no explanation 
of the fact that some installations perform 
in a superior It has been a mat- 

of interest to the writer to investigate 
h of available to determine 
whether lerdrainage pro- 


basis 


manner 
ter 
muc the data 
media unde 
the character of the water 
respects pH and alkalinity, and varioug 
other factors might have an importar 
influence. None of these, with the possib 
exception of underdrainage and 
tion, appears to have any effect on 
quality of the effluent from a tricklin 
filter 

Perhaps it goes back to what F 
Waring terms the “treatability 
sewage.” That may be reflected in 
B.O.D. characteristics of the sewage 
the rate of biochemical oxidation 
NRC report brought out the varyin 
values of & in military sewages. The aver 
age value of k for domestic sewage is 0.14 
but the average value for the sewages a 
16 military posts was 0.18. With & equa 
to 0.10, the B.O.D. represents ¢ 
per cent of the ultimate BO D., but whe 
k equals 0.18, the 5-day B.O.D. represents 
87.4 per cent of the ultimate 

Thus, the B.O.D. test may be a varyin 
rule for measuring operating character 
istics, with naturally varying results 
seems unlikely, however, that this is th 
sole reason for the variations in perform- 
ance noted at different plants. Uniformity 
of loading and of sewage application is 
probably a factor of at least some impor- 
tance. Study of the other factors in de- 
sign or operation that so markedly influ- 
ence operating results furnishes an 
enticing field for future research and in 
vestigation 
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pH ZONES OF IMPORT IN WATER SUPPLY AND 
SEWAGE TREATMENT PRACTICE * 
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Ranges of Selected Indicators for pH Determination 
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UTILIZATION OF CHLORINE DURING SEPTICIZATION 


she DROGEN sulfide is the main source 

odors derived from sewage. It 
from the reduction of sulfates by 
certain bacteria under anaerobic condi- 
tions. Chlorine is widely used as a means 
of control of such odors. As a preventive 
measure, it is generally added to sewage 
before sulfides are produced and acts by 
retarding the septic action Under these 
conditions relatively small doses of chlo 
rine are sufficient. Seldom is it necessary 
to obtain a residual chlorine to delay the 
action. Experimental work reported pre- 
viously’ has shown that chlorine dosage 
20-25 per cent of the full chlo- 
sulfide 


arises 


as low as 
rine demand is sufficient to delay 
production 

When sewage becomes septic before 
chlorine is applied, it is to be expected 
that a greater dosage will be required to 
destroy the odors produced, because the 
chlorine demand of septic sewage is high- 
er than that of fresh sewage. The effec- 
tiveness of the chlorine when applied as 
a remedial measure depends on the reac- 
tion between the chlorine added and the 
hydrogen sulfide present. If there were 
no other substances in. sewage reacting 
with the chlorine other than hydrogen 
sulfide, then a dosage of chlorine sufficient 
to react with the sulfide would be neces- 
sary 

Inasmuch as the concentration of hydro 
gen sulfide seldom reaches more than a 
few parts per million in a sewage which 
is considered septic and objectionable, the 
dosage of chlorine should not be high, if 
it reacted only with the sulfides. Even a 
fresh sewage, however, has a relatively 
high chlorine demand, and this demand 
increases as the sewage becomes septic 
It is reasonable, therefore, to conclude 
that chlorine consumption by hydrogen 
sulfide represents only a part of the total 
demand. By measuring the quantity of 
sulfide destroyed by a given dosage of 
chlorine, it should be possible to deter- 
mine the quantity of substances other 
than sulfides reacting with chlorine and 
to measure the relative percentage of 
chlorine consumed by sulfides as against 
that reacting with other substances dur- 
ing the septicization of sewage. This rep- 
resents the theoretical aspect of the pur- 
pose of the paper. On a practical level, it 
is the intention of the paper to show the 
dosage of chlorine required when used as 
a remedial measure to destroy the sulfides 
in septic sewage. 


Experimental Studies 

A number of bottels were filled com- 
pletely with fresh sewage, tightly stop- 
pered, and, incubated at 20° C., and at 
intervals one bottle was used for the de- 
termination of the chlorine demand, hy- 
drogen sulfide and fixed sulfides. 

Various portions of the sewage were 
then chlorinated to obtain the following 


*Journal Series Paper of the New Jersey Agricul 
tural Experiment Station, Department of Sanita 
tion, Rutgers University, New Brunswick, New 
lersey Presented before the American Chemical 
Society, April, 1946, and released for publication 
in Water & Sewage Works. 


of Santtation, 


OF SEWAGE" 


by H. HEUKELEKIAN 


Rutgers University, New 


percentages of 
50, 75, and 100 
sulfide and fixed sulfides were 
mined. 


the chlorine demand: 
The residual hydrogen 
then deter- 


Results 

The results obtained on the chlorine 
demand of the sewage and the quantity 
of sulfides during the incubation period 
are given in Table I. From the quantities 


Brunswick, N 


cent of the chlorine demand is satisfied, 
are the sulfides completely eliminated 
Chlorination to 75 per cent of the demand 
left only traces of sulfides, but 50 and 2 
per cent chlorination proved Kethawndn 
to remove the sulfides from sewage once 
it has become spetic 

The total sulfides eliminated by chlorine 
treatment were converted to their chlorine 
equivalents and the percentages of chlo- 


TABLE I 


Chlorine Demand, Sulfides., 


And Chlorine Equivalent 


of Sulfides in Sewage Under 


Septic Action 


Chlorine 
Demand 
ppm. 


HaS as S 
Days ppm. 


Initial 17.0 
4 ) 


) 
64.5 7 
102.0 8 
10 116.0 11 
14 114.0 12. 


of totai sulfides found, the chlorine equiv- 
alents were calculated. These equivalents, 
in turn, are presented as the percentages 
of the total demand. The differences be- 
tween the chlorine equivalent of the total 
sulfides and the total chlorine demand 
are presented as ppm., and also as per- 
centages of the chlorine demand not ac- 
counted for by sulfides 


Fixed Total Sulfides 
Sulfides as 
S ppm. 
0.5 
) 


Chlorine 
Equivalent of 


Cle Demand Not 
Accounted for 
By Sulfides 


ppm. % ppm. 


6. 15.9 
7 46.4 
2 79.6 
4. 87.6 
S 85.0 


1 
¢ 

4 
4 
0 


1 
7 
2. 
8 
9 


rine added which had reacted with t 
sulfides were calculated and are given i 
Table III 

When the sewage was chlorinated to 
residual, 22 to 27 per cent of the chlori 
reacted with sulfides and the remaind 
reacted with other substances. With d 
creasing dosages of chlorine the percen’ 
age of the chlorine added which react 


TABLE II 
Elimination of Hydrogen Sulfide by Various Dosages of Chlorine Expressed as Per 


of the Demand 
Per Cent of Chlorine Demand Satisfied 
50% 3% 


100% me% 


Fixed 
HeS Suf. 
as $ asS 
ppm. 


HS 
as $ as 


Days ppm. 


Initial 
4 

10 

14 


results show that the chlorine de- 
mand of the sewage increased rapidly 
during the first ten days. During this 
period the hydrogen sulfides content in- 
creased simultaneously, while the fixed 
sulfides remained at a low level. In the 
fresh sewage the total sulfides constituted 
only 6 per cent of the chlorine demand, 
and other reducing substances amounted 
to 94 per cent of the chlorine demand 
As the sewage became septic, between 22 
and 27 per cent of the chlorine demand 
was due to sulfides and 73 to 78 per cent 
to other reducing substances. The quan- 
tity of substances other than sulfides re- 
acting with chlorine was higher than that 
of the sulfides. 

The effectiveness of the addition of va- 
rious dosages of chlorine, represented as 
percentage of the chlorine demand, in de- 
stroying the hydrogen sulfide and fixed 
sulfides in sewage which had previously 
undergone septic action is shown in Table 
Il. It can be seen that only when 100 per 


The 


Fixed 
Sulf. 


ppm. 


Fixed 
HeS = Sulf. 
as $ as 
ppm. ppm. 


HsS 
as S$ 
ppm. 





with sulfides increased somewhat. When 
25 per cent of the chlorine demand was 
satisfied, 32 to 38 per cent of the chlorine 
added reacted with the sulfides. It ap- 


TABLE III 
PERCENTAGE OF VARIOUS DOSAGES OF 
CHLORINE ADDED REACTING WITH 
SULFIDES 
Per Cent of Chiorine 
Demand Satisfied 
100% 75% SO% 25% 
32 3$——s38 
26 33 
29 32 
31 d 34 


pears that when the quantity of chlorine 
added is limited, a greater percentage of 
the chlorine reacts with the sulfides, indi- 
cating that the reactivity of the sulfides 
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with chlorine is greater than that of the 
other reducing substances present in sep 
tic sewage 
Discussion 

In fresh sewage with only traces of 
sulfides present the bulk of the chlorine 
demand is due to substances other than 
sulfides As the sewage becomes septic, 
both the chlorine demand and the hydro 
gen sulfide increase. Although the rate 
of hydrogen sulfide production is higher 
and therefore the chlorine demand of the 
sulfides is higher than in the fresh sew 
age, the quantity of chlorine demand rep 
resented by the sulfides is only about one 
quarter of the total demand. Thus, dur 
ing septicization both sulfides and other 
substances reacting with chlorine increase 
and contribute to the high chlorine de 
mand 

To eliminate the hydrogen sulfide pro- 
duced during the septic action, the chlo 
rine dosage should be equivalent to 75 
per cent of the demand as compared with 
20 to 25 per cent required to prevent the 
production of hydrogen sulfide. On the 
basis of sewage used in this experiment, 
the dosage of chlorine required to pre 
vent hydrogen sulfied production as com- 
pared with that required to elimiante it 
after being produced would be as follows: 


1. Fresh sewage with 17 ppm., chlorine 
demand with 25 per cent of the de- 
mand satisfied requires only 4.2 ppm 
of chlorine 
Septic sewage with 8 ppm. sulfides 
and 64 ppm. chlorine demand with 
75 per cent of the demand satisfied 
requires 48.0 ppm. of chlorine. Thus 
the chlorine dosage required after 


become 


high as 


has 
times 


septic is more 
in fresh 


sewage 
than ten 
sewage 


as 


Conclusions 

The elimination of hydrogen sulfide 
odors of sewage after they are produced 
by septic action required nearly 10 times 
as much chlorine as the addition of chlo 
rine to prevent their formation 

The reason for this is that 75 per cent 
of the demand has to be satisfied to elim 
inate the hydrogen sulfide as compared 
with the 25 per cent required to prevent 
formation. In addition, the chlorine 
d+ mand increases in septic sewage by vir- 
tre of the increases in hydrogen sulfide 
and the increase in other substances 
which react with the chlorine. The dosage 
of chlorine required to combine with sul 
fides is only one-quarter of the total de 
mand 


Addendum 

Pomeroy & Bowlus, in a report’ 
lished after this paper was presented, 
have arrived at chlorine applied to sul 
fide destroyed ratios of 3 to 9, averaging 
5.3. The results reported in the present 
paper give the following ratios 

The ratios obtained varied from 7.2 to 


its 


pub 


Chlorine 
Demand 
ppm. 
64.5 
102 
116 
114 
75% of the demand 


*On the basis of 


9.1 and are somewhat higher than aver- 
age, but well within the range given by 
these authors for results obtained from 
sewer tests. They indicate that in bottle 
experiments the ratios may be somewhat 
lower 

On the basis of these ratios, 
& Bowlus conclude that it is more 
nomical to destroy the sulfides after they 
are formed than to prevent their genera 
tion. The results presented in this paper 
are in contradiction to that conclusion 
Under practical conditions to reduce the 
number of chlorinators, Pomeroy & Bow- 
lus favor a compromise, namely, to de- 
stroy the sulfides and to use a moderate 
excess of chlorine to prevent sulfide for- 
mation in the sewer for 2 to 3 miles down- 
stream. Complete prevention of sulfide 
formation by destroying the organisms in 
the sludge deposits and slimes, is accord- 
ing to the authors, theoretically attrac 
tive, but under practical conditions not 
always successful nor more economical 


Pomeroy 
eco- 
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MAKING PIPE BUSHINGS FROM STANDARD PIPE 


O YOU know that first class 
bushings can be made out of 
pipe? Many users of pipe don’t know that 
it can be done. Or, if they know that it 
can be done they don't know the correct 
size of drill to use for tapping. I have 
occasionally made bushings out of pipe, but 
each time i found it necessary to first look 
into my handbook for the drill size to use 
and that is so much trouble that it is fre- 
quently easier to to the store and buy 
a new bushing. ecently, though, I col- 
lected all of the data together for all bush- 
ings that can be made out of ordinary sizes 
of extra heavy and double extra heavy pip- 
ing, compiled the figures in tabular form, 

and here they are. 

For example, to bush from 4” to %” 
get a piece of 4” extra heavy pipe suffi- 
ciently long for cutting the outside thread. 
Then cut the end off to the desired length, 
drill or ream with a 21/64" drill (diameter 
of drill 0.328") and then tap with a %” 
pipe tap. That's all there is to it. 

This accompanying table tells the com- 
plete story for all ordinary sizes: Note 


ipe 
rd 


A Handy Kink 


that in one case, 34” to 4”, the internal 
diameter of 44” extra heavy pipe is such 
that no drilling is necessary. 


Note also that in bushing from %” to 
\%” either extra heavy or double extra 
heavy piping can be used 








Use This 
Size Pipe 


To Bush 
From 


Use This Size 
Drill or Reamer 





4” to 
H%” to 
to 
to 
yy" to 
to 
to 
to 
to 


4%” 





Pipe. 


extra heavy pipe. 
double extra heavy 


21/64” drill = 0.328” 


one. 
21/64” drill = 0.328” 
27/64” drill = 0.422” 

i 0.562” 

= 0.562” 

= 0.562” 

= 0.907" 

1/18” drill = 1.125” 
1/18” drill = 1.125” 
1-15/32” drill = 1.468” 
1-23/32” drill = 1.72 * 
2- 3/16” drill = 2.187” 
2- 9/16" drill = 2.562” 
3- 3/16” drill = 3.187” 
3-11/16” drill = 3.688” 
4- 3/16” drill = 4.187" 
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AMERICAN HARD RUBBER COMPANY 


11 MERCER STREET, NEW YORK 13, N. Y. 


Representative: 111 W. Washington St., Chicago 5, Ill.; Akron 4, Ohio 


Ace Rubber Protected Equipment for Water Purification and 
Sewage Disposal Plants 


ACE HARD RUBBER AND ACE 
RUBBER LINED EQUIPMENT 


Handles all phases of storage, pumping and piping problems in 
connection with ferric chloride and chlorine water treatment 
and sewage disposal. Ace hard rubber is chemically inert and 
resistant to the action of most acids and corrosive solutions. It 
prevents corrosion and rust contamination in many types of 
equipment. Ace rubber linings are tough, strongly bonded 
specially reinforced where necessary, and high voltage tested to 
insure perfection 


CHEMICAL MIXING AND 
STORAGE TANKS 


All sizes and shapes of tanks, thoroughly protected by Ace 
hard rubber linings so that 
no metal parts come in con- 
tact with corrosive solu- 
tions. Complete tanks avail- 
able, or Ace protective 
linings applied to tanks 
furnished by the customer 
Also rubber covered and 
rubber lined filters and 
other special equipment 


ACE RUBBER-PROTECTED PUMPS 


Made in several sizes and types, with some parts made of solid 
Ace hard rubber, and 
other parts lined with 
Ace rubber for adequate 
corrosion resistance. Ace 
Type W.A.M. centrifu- 
gal pump illustrated, 
for medium capacities 
up to 90 g.p.m. at 12 ft. 
head. Excellent for 
pumping all water-treat- 
ing chemicals. Ace 
pumps with capacities 
up to 300 g.p.m. at 40 
it. head also available. 


In this sewage installation, Ace hard rubber lined pipe, valves, fittings; 
Ace solid hard rubber pipe and fittings, and an Ace rubber-lined tank were 
used for maximum corrosion resistance. 


ACE RUBBER-LINED PIPE & FITTINGS 


Combines strength of steel 
and acid resistance of Ace 
rubber linings. Fully pro- 
tected through pipe and 
over flange faces. Hard 
or soft rubber linings as 
required. All flanged, in 
sizes from 1% in. up 


ACE HARD RUBBER PIPE & FITTINGS 


Solid hard rubber pipe available in sizes from %4” to 8” inclu- 
sive. Ace solid hard rubber flanged and threaded pipe fittings 
available in all sizes and types for permanent eerie 


nes 


ACE SARAN PIPE, FITTINGS AND 
MOLDED PARTS 


Chemically resistant, 





strong plastic available 
parts available. 
able in sizes 2” to 12” inclusive except 


from Ace in pipe sizes 
rom ' t £ with 
standard Ace Saran fit- 
tings from %” to 2”. 
Easily butt-welded with 
cat. Y” to 1%” Ace 
Saran Diaphragm 
Valves. Special molded oa— 
Write for Ace Saran 
Lulletin 
ACE RUBBER LINED VALVES 
GATE VALVES, hard rubber lined avail- 
2%” size. 
DARLING GATE VALVES, hard rubber 
lined, with special metal trim for the re- 
quired service. In sizes 2” to 20” inclusive. 


DARLING CHECK VALVES, non - slam, for 
vertical or horizontal operatiun. Sizes 2” 
to 12” with internal special chemical-re- 
sisting metal parts 


DIAPHRAGM 
VALVES rubber lined, 
sizes from 1” to 6” 
inclusive. ( Hills-Mc- 
Canna Co., Saunder 
Patent.) 





Ne || ACE 
64 PAGE CATALOG =» | Protection 


Covering all types of Ace Rubber 
Protected ben available upon re- 





quest. You'll want this reference when 
sp cifying maximum corrosion resistance 
and longer equipment life with Ace pro 
tection. Write also for the Ace Saran 
pipe and fittings bulletin. 
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WALLACE & TIERNAN CO., INC. 


Manufacturers of Chlorine and Chemical Control Equipment 


Newark 1, New Jersey 
“THE ONLY SAFE SEWAGE IS A STERILIZED SEWAGE” 


REPRESENTED IN 


Des Moines Kansas City 
Detroit Knoxville 
Houston Lubbock 
Indianapolis Minneapolis 
Jacksonville Monrovia, Calif. 


Oklahoma City San Francisce 
Philadelphia Seattle 
Pittsburgh St. Leuis 
Portland, Ore. Syracuse 
Roanoke Union City 


Charlotte 


Wallace & Tiernan Ltd., Toronto, Canada 
Wallace & Tiernan Ltd., Winnipeg, Canada 


Salt Lake City Washington, D. C. 


Wallace & Tiernan Ltd., Montresl, Canada 
Wallace & Tiernan Ltd., London, England 





DISINFECTION OF SEWAGE 


The need for sewage disinfection cannot today be 
overlooked. With increasing population the growing 
demands on water supplies necessitate using sources of 
supply hitherto considered unsuitable. The increasing 
popularity of swimming has led to the use of the most 
} available bathing beaches, lakes and water courses. The 
national resentment against the pollution of streams and 
rivers is gaining momentum. All of these have cen- 
tered the attention of sanitarians on sewage treatment. 
As a final measure of securing complete health protec- 
tion, sewage disinfection, with chlorine, is accepted 
practice. 


WAT Master Automatic Visible Vacuum Chilerinators. Stamford, Connecti- 
out, Sewage Treatment Piant. 
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ODOR CONTROL 


The control of obnoxious odors from sewage treat- 
ment works, long outfall sewers and other disposal 
plant appurtenances is distinctly a field for chlorination. 
Neutralization of hydrogen sulfide (the gas responsible 
for these obnoxious odors), or prevention of its forma- 
tion by controlled application of chlorine, is not only 
quite practicable but also results in economy of opera- 
tion due to reduction of deterioration in interceptors 
and allied appurtenances. 


B.O.D. REDUCTION 


Treatment plants discharging effluents into water 
courses having extreme seasonal variation in flow have 
profited from controlled chlorination to reduce bio- 
chemical oxygen demand. Field tests have often shown 


a reduction in the five day B.O.D. of up to 30 per cent. 
OTHER ADVANTAGES 


Similarly, chlorine prevents filter “ponding.” It is 
also widely used to prevent sludge “bulking.” Where 
grease is a problem, chlorine will aid in its removal and 
minimize its accumulation in small pipes and spray 
heads. When added to return supernatant liquor from 
digesters, chlorine tends to counteract the impact of 
highly putrefactive liquids from fresh sewage. The 
thickening of sludge may be greatly benefited by the 
maintenance of a “chlorine blanket” in the supernatant 
above the sludge. Chlorine is also useful in the prepa- 
ration of coagulants such as “chlorinated copperas.” 
Difficult trade wastes, such as those containing cyan- 
ides, can be effectively purified by designing means for 
the application of chlorine into the process. 


EQUIPMENT 

For every sewage plant, there is W&T Equipment 
to fit. Visible Vacuum Chlorinators with capacities from 
ounces to 6000 pounds per day—Solution Feed and 
Direct Feed Chlorinators for small plants—and Reagent 
and Chemical Feeders to meet many varied chemical 
treating applications. All W&T Apparatus is backed 
by over thirty years’ experience and is job-engineered 
by chlorination specialists. 


TECHNICAL INFORMATION 
WA&T representatives will gladly discuss any specific 
sewage chlorination problem. Technical bulletins on 
the many phases of sewage chlorination and W&T 
Chlorinators will be sent free on request. 





FRYE FORT Wayne Sewage Treatment 
Works is a conventional activated 
sludge plant consisting of grit removal, 

primary settling, aeration and final settling 


Chlorination Essential 

Adequate and effective odor control at 
Fort Wayne is a “must” item. This follows 
the plant is located within 
tory” distance of a number of 
and was placed where it is with the assur 
ance of city officials that the plant could be 
operated without being a nuisance 

Furthermore, a baseball diamond is lo 
cated immediately adjoining sewage plant 
property, with its, at times attendance 
of 2 to 3 thousand people; and the Fort 
Wayne entry in the All-American Girls 
3aseball League with its 90,000 
customers play but a few 
away. Consequently, adequate, 
control is an ute requirement for 
plant 
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added to the main interceptor 
hour ahead of the plant and the 
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Superintendent 
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warm summer months of June, July, August 
and September and is solely for odor con 
trol. The normal application is around 1500 
pounds per day with about one half of this 
being added at each station 


Program Station 

Che program station is relatively simple 

addition to the tank scales and the ton 
containers, it consists of the well known 
Wallace and Tiernan vacuum type chlorina 
tor of 2000-pound capacity, a station rate 
ontroller with solenoid operated air valves, 
and an interval timer. The interval timer 
makes possible the periodic operation of the 
solenoid valves which, in turn, increase or 
decrease the vacuum of the chlorinator, thus 
increasing or decreasing the rate of chlorine 
dosage. The interval timer has four settings 
which make possible four chlorine changes 
in a twenty-four hour cycle. Generally 
changes are effected at 2 a.m., 10 am., 5 
p.m., and 10 p.m., and normally the rate of 
dosage is 200 Ib., 2 to 10 a.m.; 1500 Ib., 10 
a.m. to 5 p.m.; 1200 Ib., 5 p.m. to 10 p.m., 
and 200 Ib., 10 p.m. to 2 a.m. As stated, these 
rates give a chlorine application at the pro 
gram station of about one-half the total 
chlorine required 
Automatic Station 

In contrast to the program station the 
automatic station at the plant proper is quite 
complicated. In addition to the tank scales 
and the ton containers this station consists 
potential cell; a Leeds and Northrup 
recording re W & T vac an automatic rate 
controller ; a W & T vacuum type chlorina 
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AUTOMATIC CONTROL OF RAW SEWAGE CHLORINATION 


Experiences at Fort Wayne, Indiana 


2000-Ib. capacity ; and a rate recorder 
it is the function of this station 
supply the residue of the 
chlorine requirement not supplied by the 
program station. Since chlorination is cart 
ried to a point 30 to 35 per cent short of an 
immediate residual, it is the function of this 
station to add chlorine to maintain that 
negative residual, In other words, chlorina- 
tion at Fort Wayne is pursued until 65-70 
per cent of the chlorine demand is satisfied 
with approximately one-half of the chlorine 
dosage being programmed at the first sta- 
tion and the remainder automatically applied 
at the 


tor o1 
As stated 
to automatically 


second. 


Automatic Control 


In a short article it is not possible to give 
the full details of what takes place when the 
automatic control process goes into action, 
but while the system is too complicated for 
a full technical description, here are fo 
which cover descriptively, at le 

sequence of operations 

1. Fort Wayne sewage normally has 
rather high chlorine demand. As measu 
by the Leeds and Northrup potentiome 
Fort Wayne sewage gives a negative diff 
ence of potential reading of about 200 mi 
volts. As chlorine is added and the chlori 
demand decreases, the negative milliv 
reading also decreases until it passes ze 
and proceeds into the positive range. At 
millivolt reading of positive 200 plus-min 
the immediate chlorine demand of ft 
sewage is just about satisfied. 

2. Following chlorination a small stre 
of the chlorinated sewage is continuou 
passed through the potential cell and 
difference of potential of the sewage 
measured by the cell is transmitted to f 
potentiometer 


steps 


the 


3. The potentiometer is set for a milliv 
reading of 70. That is to say the poten 
ometer operates to maintain that voltage 
this potential cell. When that coltage 
maintained at the cell, 65-70 per cent of t 
instantaneous chlorine demand is satisfi 
If the difference of potential is less than 
millivolts, the potentiometer “calls” for mo 
chlorine. If the difference of potential 
greater than 70, the instrument “calls” f 
less chlorine. 

4. The chlorine call, in turn, is trans 
mitted electrically to the automatic raté 
controller. If the call is for more chlorine @ 
reversible motor turns in such a way as to 
increase the submergence of the vacuum 
tube, thus producing a greater vacuum on 
the Amor Fre and inc reasing the chlorine 
dose. On the other hand, if the call is for 
less chlorine, the motor turns in the opposite 
direction decreasing the vacuum and like 
wise the chlorine feedage. 

There are two additional steps. In the 
first place, the potential cell is about 3 min- 
utes away from the point of chlorine appli- 
cation; consequently, in order to give one 
change a chance to be effective before the 
next change occurs, the chlorine adjustment 
is on a 4-minute cycle. Actually the record- 
ing of the difference of potential is continu- 
ous but via an interrupter ; the transmission 
of the call from the potentiometer to the 
rate controller is on the 4 minute basis. This 
cycle is adjustable and if the potential cell 
were closer to the point of application it 
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Operating Charts 
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stage 
the chlorine 
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charts show quite clearly 
chlorination control 
charts, recall that F¢ 
nation procedure is a tw 
approximately one 
rement at the prog 
other half at the automatic control station; 
that the automatic control are 
to maintain a difference of potential of 
millivolts on the chlorinated sewage « 
per cent short of an immediate resid 
and that the automatic changes are 
minute cycle of 50 Ib. maximum 
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Chart I shows the chlorine 
chart at the program station 
1945, 200 Ib., 2:00-9:45 a.m 
a.m.-4:50 p.m.; 1100 Ib. 4 
and 150 Ib. 9:45 p.m.-2 a.m 
grammed for the day, 760 Ib 


rate recorder 
for August 3, 
1550 tb., 9:45 
50-9:45 p.m 

Total pro 


Chart II shows the chlorine rate recorder 
at the automatic station for the same 
Chlorine changes every 4 minutes with 
rates varying from zero at 6:50 
1425 pounds at 10:45 Total 
chlorine, 760 Ib 

Chart III shows the continuous recording 
of the millivolt reading on the potentiometer 
Aug. 3, 1945, with the dotted line repre 
the potentiometer setting 70 

Negative millivolts not recorded 
instrument zero. 
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program station during this interval ts 
low feedage of 200 Ib 

(b) The 10:45-11:30 
automatic station shows 
a.m. increased feedage at 
tion. Program station is 
hour ahead of the plant 
The 11:30 p.m.-12 mids 
chlorine at the plant shows the 
9:45 p.m. cut-back at the 

d) Period X on chart II 
synchronizes with period X on ch 
rhe millivolt readings are below 70 
potentiometer ts “laboring” to 
volts to 70: chlorine 
Ib. steps each four minutes 

) Period Y on chart II, 5:30 t 245 

a.m. synchronizes with Period Y on chart 
III. Millivolt readings are 0 and the 
potentiometer is “laboring bring the 
millivolts down to 70 

Other points could also be picked off but 
these show the correlation 
the program and automatic stations 
also between the potentiometer readings and 
the automatic rate 
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Potentiometer Chart 

The writer will not comment on 
potentiometer chart except to state it is not 
the straight line he would like. There 
considerable hills and valleys, as it 
periods of apparently rather prolonged overt 
chlorination, (so far as the 70 M.\. reading 
is concerned) ditto under, and one wonders 
how such a chart signifies satisfactory 
chlorination 

Let it be noted, however, that just as the 
proof of the pudding lies in the eating the 
proot of satisfactory chlorination lies i 
odor control and our odor control has been 
both economical and satisfactory, variations 
in potentiometer reading notwithstanding 


Week-End Holiday and Storm Flows 
What has been said in the foregoing 
applies to normal, week day, dry weather 
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operation does 
holiday or storm 
periods a certain 
adjustment is required 

For week-end operation, the 
to cut the program station to 
feedage of 150 tb. from 5 p.m 
a.m. Monday. This is a simple 30-second job 
of merely setting the manual control tube 
for a minimum feedage. When this is done 
the interval timer keeps right on operating 
with its periodical changes of vacuum, but 
irrespective of those changes the machine 
cannot deliver more than the minimum 
setting calls for. This is one of the excellent 
features of this control 

Then Monday 8 a.m., by simply resetting 
the manual control for maximum feedage 
the entire unit is brought back on program 
This is another 30-second job. A_ similar 
arrangement prevails for holidays 

For storm flows of medium duration like 
a cloud burst with clearing skies or a mere 
drizzle, the plan is to let the program station 
run normally but cut off the automatic sta- 
tion entirely. Conditions, of course, alter 
procedures. Cutting the autematic station is 
easily acomplished and there is no “travel” 
inconvenience since the winators 
located in the plant proper 

If the storm flow continues unduly, then 
the program station is also cut back to its 
150 lb. minimum. The reason the program 
station is not completely cut is that when 
cut completely it takes some little time to 
re-program and hence cutting manually to 
minimum chlorine flow is much more prac 
tical. Actually the number of times when 
storm flows have been sufficiently prolonged 
to necessitate cutting the program station 
has not been numerous, seldom more than 
once per summer 
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Deleterious Chlorine 


One of the questions d 
sludge operators will ask is has the auto 
matic control ever failed to the extent that 
chlorine sufficient to prove deleterious to 
the activated sludge was carried into the 
aeration tank? 

The answer to this that we think 
on one occasion but not as a result of failure 
of the equipment. At the time of the Central 
Sewage Works Asociation convention in 
Fort Wayne in October, 1941, during which 
period the city was deluged with one cloud 
burst after another, the final effluent at the 


many activate 


is x 


—Potentiometer Record of Automatic 


‘ 
hazy. Due 
convention 
on until 


we found 
program 


extremely 
with the 


sewage plant became 
to our pre-occupation 
we didn't catch what was going 
after the meeting was over when 
that throughout those two days the 
station had been running full load, resulting 
in a residual carrying through the primary 
tanks and into the aeration basins 

Since that time close attention 
paid to the program station during 
longed storm flows, and this plus the po 
tentiometer danger signal described be 
low has resulted in no further trouble from 
in the intervening 7 
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Potentiometer Danger Signal 


It has been said that during certain storm 
flows the automatic station is shut down. By 
this we mean that the transmission of the 
chlorine call from the potentiometer to the 
rate controller is stopped and the flow of 
chlorine from the tanks cut off. The potenti 
ometer, however, is left in operation. This 
is done to avoid just what happened during 
the CSSWA convention. During that storm 
period when the plant chlorinators were cut 
off the potentiometer was shut down also 
The result was that the potentiometer had 
no chance of indicating the residual which 
subsequently came along due to the contin 
ued high rate of chlorine feedage at the 
program station. Today our procedure is 
never to cut the potentiometer off during 
chlorination but keep it going as a warning 
signal against possible over-chlorination at 
the program station. As a matter of fact our 
plant procedures call for hourly readings of 
the potentiometer by the plant operator, and 
it a positive reading of 200 millivolts 
obtained for fwo consecutive hours (indi 
cating a slight residual), the chief chemist 
is contacted and the reason for this is deter 
mined 


1s 


Average Application 

Chlorine requirements are unpredictable 
the type summer, hot or and the 
amount and frequency of rain fall will affect 
the amount of chlorine needed 

By 1948 we came to the conclysion that 
chlorination beginning around the third 
week in June and extending to about the 
second week in September and requiring 
three cars of chlorine (90,000 Ib.) will be 
about normal for this plant. 

The actual figures for Fort Wayne's eight 
years of operation, starting and stopping 
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Stop ib. per mil 
Nov 
Nov 
Sept 
Sept 


Start 


23 
1 


15 


Year 


1941 
a4 
1943 
1944 
1945 
194¢ 
1947 


1948 


Se} 
Ser 


t 
t 
t 


7) 





Installation Cost 

Designing engineers will be interested 
the of the Fort Wayne automa 
chlorine control, about which we have rath 
complete information. The Fort Way 
Plant costs approximately 1 million d 
lars. The cost of the chlorine equipment it 
by item was as follows, 1939 prices 

Program Station: Chlorinator, 
Rate Controller, $1100; Program 
$500; and Rate Recorder, $600; 
$6400 

Automatic Station: Chlorinator and R 
Controller $4800; Potential cell and Le 
& Northrup micro-max instrument, $35 
and Rate Recorder, $600; Total $89 
Grand Total $15,300. 

Grand total, $15,300 is 1 per cent of t 
total cost of the plant. Furthermore, th 
automatic control of $3500 for the potenti 
cell and micro-max instrument is only 
per cent of the total chlorine installation of 
4% of | per cent of total cost of the plant 


cost 


$421 
Tim 


To 


Repair Parts 

Total out-of-pocket operating at 
Fort Wayne for the six years 1941-46, not 
including power, salaries, and wages, was 
$96,014. This includes the cost of all repair 
parts, pipe, fittings, engine parts, chain, 
chlorinator parts, fuel oil, gasoline, chlorine, 
city water, etc. It also includes any main 
tenance work done by outside crews, city or 
otherwise. In contrast to this $96,014 figure, 
the cost of all chlorine equipment repair 
parts was $442. $442 is 0.46 per cent of 
$96,014. Whether this is high or low we 
have no comment. We simply present the 
figures 

The writer is certain that chief chemist. 
Paul Brunner, who is directly in charge of 
chlorination, joins him in this statement: 
“We have been most thankful for our auto- 
matic chlorine control equipment. It has 
done its job well.” 


cost 
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MARLOW PUMPS do the hard jobs 
for MUNICIPALITIES 


SELF-PRIMING CENTRIFUGAL, 
DIAPHRAGM AND PLUNGER PUMPS 


SELF-PRIMING CENTRIFUGALS 


It is the MARLOW patented “‘diffuser method”, 
instead of wasteful recirculation devices, that 
makes MARLOW Self - Priming Centrifugal 
Pumps outstandingly efficient and virtually clog- 
proof. They are built in performance sizes to fit 
municipal requirements . . . from portables to 
units of 240,000 gallons per hour capacity. The 
smaller sizes are available in lightweight alumi- 
num construction. For full details see your near- 
est Marlow distributor or write the Marlow 
factory. 


PLUNGER SLUDGE PUMPS 
The famous MARLOW Plunger Sludge 
Pumps ore made in four sizes, Simplex, 
Duplex, Triplex and Quadruplex and in 
two types, PE and RPE. They are best 
known for removing sludge from settling 
tank hoppers and for transferring material 
from digestion tanks to storage units and 
sludge beds. Bulky debris and nearly solid 
wastes are handled in stride by these 
rugged units. Detailed specifications will 
be sent promptly. 


MARLOW ‘‘MUD HOG"’ 

For pumping mud-filled water, sewage, sluice, 
sand and trash-laden liquids, use the Marlow 
Mud Hog Diaphragm Pump. The first Marlow 
Mud Hog ever made has been in service since 
1924. Special ball valves make a Mud Hog 
practically clog-proof. All parts are constructed 
“heavier than necessary" for greater durability. 
Pumps either a trickle or full capacity at each 
stroke. Thousands are in daily use. Write for 
full details. 


MARLOW PUMPS + RIDGEWOOD, NEW JERSEY 


QuAtiTy PUMPS FOR MORE ee | A QUARTER CENTURY 


MANUFACTURERS oF 
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DIGESTION OF SEWAGE SOLIDS 


4 Review 


PART | 


General 

HE just preceding the 

world war saw a succession of methods 
for the digestion of sewage sludge, which 
coupled with the older methods of Imhoff 
and septic tank treatment, might well be 
scrutinized for their relative worth. The 
purpose of this discussion is to compare the 
operating results which have been ebserved 
from these various methods 


years second 


Available Methods 

here are five treatment 

today for the digestion of 
Septic tanks. 
Imhoff tanks 
Unheated separate sludg« 
Heated separate sludge digesters 
Lagoons, as supplemental units 

A definition of sludge digestion adopted 
by the American Society of Civil Engineers 
and American Public Health Association 
states : 

“Sludge digestion is the biochemical pro 
cess by which organic matter in the sludge 
is gasified, liquefied, mineralized, or con- 
verted into more stable organic matter.’ 


units available 


sludge 


digesters 


Practically speaking, operators of sew 
age treatment plants consider sludge to be 
digested when its color is dark brown or 
black, its odor tarry or gassy, its con 
sistency homogenous, and particularly if it 
can be dewatered on beds of sand in reason 
able periods of time without nuisance. So 
called digested sludge varies between plants, 
particularly in the percentage of remaiming 
volatile matter. This latter constituent is 
dependent on the initial volatile matter con- 
tent of the raw sludge, the temperature of 
digestion, the digestion storage period and 
other factors. It is important therefore to 
bear in mind that what may be considered 
as a satisfactorily digested sludge at one 
plant might not be at another plant 


General Considerations 
in Method Selection 

A careful consideration of the sludge 
disposal and digestion facilities for a given 
plant is emphasized by the realization that 
as much as one-third of the total plant cost 
State Depart 


*Principal Sanitary Engineer, Contr 
I 


ment of ealt 


of Established Methods 


By LEROY W. Van KLEECK* 
Hartford, Conn 


Sanitary Engineer 


handling. 
mistake or 
facilities 


may be expended for sludge 
Furthermore, not only will a 
deficiency in the design of these 
hinder the digestion of the sludge, but it will 
affect the performance of the treatment 
plant and the quality of plant effluent. 

In selecting a method of sludge digestion, 
the following general considerations re- 
ceive the attention of the designer 


1. The proposed location of the treat- 
ment plant. This may determine the de- 
gree of digestion required to avoid nuisance 
to nearby houses due to odor travel, It may 
also, under poor foundation conditions, de- 
termine the type of structure to avoid ex 
pensive construction for deep units, such as 
Imhoff tanks 

2 The size of the 
population connected or the 
age or both often dictate 
or more elaborate sludge 
ties are required 
3. The character of the raw sewage. This 
raises the possibility that stale raw sludge 
must be handled or that harmful industrial 
present. Such wastes may 
may retard or more seri- 

with normal digestion 


The 
sew- 
simple 
facili- 


treatment plant 
flow of 

whether 

digestion 


wastes may be 
form scum, or 
ously interfere 
processes. 
4. The 
utilizing 
5. The 
sonnel to 
6. The 
initial construction and for 
the facilities constructed 


PART Il 
Septic Tanks 

Except for residential installations, of 
all the methods for sludge digestion (and 
sewage sedimentation) none has been more 
roundly condemned in recent years than 
the septic tank. To the contrary, the writer 
believes that not only can such tanks pro- 
duce effluents comparable with plain sedi- 
mentation units, but the sludge deposited in 
them can be dried and disposed of without 
serious nuisance, if the plant is reasonably 
well isolated 

While septic tank plants in Connecticut 
serving as many as 4000 persons are operat- 
ing within 200 feet of houses without com- 
plaints, large tanks should preferably be 


desirability or practicability of 
the sludge gas. 

size and type of operating per- 
be provided 

funds which will be available for 
maintenance of 





Fig. 1—Compactness at Cos Cob, 
Beneath the glass covered sludge drying bed are five 


Conn. 
septic tanks—note manholes. 


With Comparison and Comment 


removed from houses. If such an isolated 
plant site is available and the connected 
population is limited to about 1500 persons, 
the stage is set for an economical method 
of primary sewage treatment and sludge dis- 
posal. The septic tank has a special field of 
usefulness for small institutions and fac- 


tories, in addition to small villages 


Fig. 2. Tank Distributing Inlet 
Looking down into distributing manhole 
serving parallel septic tanks at North Ca- 
naan, Conn. Smooth curved section prevents 
deposits and choking of inlets, proven by 

long service. 


Properly built and operated, septic tanks 
will give good results. The inherent dis- 
advantage of the septic tank, recognized for 
many years now, is the difficulty of digest- 
ing the sludge and scum in contact with 
fresh settling sewage without disturbing 
the sedimentation process. Tailored design 
and proper operation of septic tanks will 
obviate much of this disadvantage. 


Design Requirements 


Following are the pertinent design re- 
quirements : 

, _ Build from two to four tanks in paral- 
el. 

2. Provide bottom sludge drawoffs*, if 
at all possible, otherwise make provisions 
for pumping with stationary or portable 
plunger pumps. Riser-type draw-offs should 
not be used. 

A scum draw-off is an added con- 
venience where the necessary head to the 
sludge drying beds is available. The scum 
can be floated into a trough with the aid of 
the sewage and a hand-skimmer, and dis- 
charged directly on to the sludge beds or 
lagoon. 

4.The top of the tank must be fully 
accessible. If sufficient manholes are pro- 
vided, these are acceptable, but it is more 
satisfactory to install large plank hatchways 
or steel doors of the sidewalk type over the 
inlet an doutlet sections. Burying of tanks 
under earth cover should be avoided. Spe- 
cial treatment of wood and protective coat- 
ing of steel will lengthen the life of the 
cover. 

5. The size of the tanks should be such as 
to provide a detention of 6 to 8 hours for 
average daily flows, in addition to an al- 
lowance of at least 3.5 cu. ft. per capita for 
storage of sludge and scum. 

The tank bottom should either be hop- 
*Such draw-offe should pitch inmentty and 


pi 
iformly downward f the tank 
to the cutee drying bed or lagoon. o Suen pee 


W. & S. W.— Rererence & Data — 1950 











Fig. 3—Open Top Septic Tank Plant 
Housed in and provided with scum trough to sand 


pered or it may be flat-bottomed, provided it 
is sloped to a sump located at cither the 
tank's center or inlet end. Slopes of 1:1 
are suggested for hoppers of large tanks 
where excavation will not prove too difficult 
or expensive 

7. The minimum water depth of large 
tanks should be 6 feet. Small tanks should 
have a minimum water depth of 3 feet 

8 When gravity bottom discharge of the 
tank contents to a sludge drying bed is not 
possible (as explained under par. 2) and a 
pump must be used for cleaning of the 
tank, both a hand-cleaned coarse bar screen 
and grit chamber should be considered 

9. If a screen and grit chamber is not 
required, the flow control manholes for dis 
tributing the sewage between the parallel 
tanks should be designed to maintain self 
cleansing velocities, otherwise grit and 
stones or even rags may be deposited and 
clog the tank inlets 

10. Tanks should be equipped with out- 
let baffles ; small tanks may have submerged 
pipe outlets. Good inlet distribution should 
be arranged. 

Water or sewage effluent under 

pressure is highly desirable for sizeable in 
stallations as an aid in cleaning the tanks 


Operating Requirements 


and scum digestion 
tank plant is 
separate sludge 


tank reserved for sludge 
In other words, this septic 
operated as nearly like a 
digestion plant as circumstances permit 
Septic tanks may also be cleaned without 
*advanced digestion of the solids, if the units 
are isolated from dwellings or if the con 
tents are hauled away for burial or further 
digestion in lagoons or other treatment 
units. Drying of solids at the 
plant site, especially of the scum, will be at 
tended by carrying which can be 
kept at a minimum by drying the material 
during the cool months of the year and by 
the use of glass-covered beds or chemical 
deodorants or both. These aids against nui 
sance are also effective against fly breeding 
3. When a tank is put back in operation 
for sewage sedimentation, it should be com 
pletely emptied of sludge and scum. If seed 
ing of septic tanks in service is employed, 
the ensuing digestion interferes with effi 
cient sedimentation. During emptying oper 


sem -Taw 


odors, 


ations, the relatively clear supernatant 
liquor between the scum and sludge can be 
returned at a slow rate to the inlet of the 
tank or tanks in use without detrimental 
results to the effluent, thus relieving the 
sludge beds or saving labor when trucking 
the scum and sludge away 

4. Following a thorough cleaning, excel 
lent removal of solids and average removal 
of B.O.D. expected in any form of primary 
treatment can be expected for several 
months, provided the tank capacities are 
adequate. The analyses shown in Table I 
indicate what may be expected from proper 
ly operated septic tanks. All analySes are 
of samples composited at not more than 15 
minute intervals during a daytime sampling 
period of 6 or more hours 

his sampling conditions 
found with both clean and dirty tanks. ‘Ihe 
removat of solids compares very favorably 
with that obtained from the plain settling 
type of tank 


represents 


Conclusions—Part |! 


Years ago, septic tanks for villages and 
institutions were built too small, buried un 
der earth, and rarely cleaned, with the result 
that the effluents were inferior and nuisance 
resulted. When they were cleaned, such an 
operation was frequently a major undertak 
ing. Today's design and operation can cor 
rect the faults of yesterday and permit an 
economical design for limited connected 
populations at substantial savings in con 
struction and maintenance 

In respect to the extent of operating 
attention required, no sewage treatment 
unit can compete with the septic tank. Turn 
it on, turn it off, secure partial digestion 
of the contents if necessary, empty it and 
start again. Sounds simple—doesn't it? And 
it is! No matter how many push buttons 
are provided, a mechanical plant requires 
daily attention and regular maintenance, 
not to mention the headaches at small in 
stallations due to material scarcities and 
ever ascending replacement costs 

It has been frequently thought that septic 
tank effluents are stale or septic to an 
extent that the efficiency of secondary proc- 


TABLE II 
Results of Analyses of Septic Tank Influent and Effluent Samples 


Samples 
Collected 
over 8 yr 

Periods 


Population 
Served 


400 Raw sewage 


Semple of 


Av. Susp 
Solids, 
ppm 


Following are pertinent operating require 
ments 
1, One or more 


Tank effluent 64 
Raw sewage 240 
Tank effluent 100 
Raw sewage 

Tank effluent 

Raw sewage 

Tank effluent 

Raw sewage 

Tank effluent 


tanks are operated in 
parallel for sewage sedimentation. In colder 
climates it is desirable to start with clean 
tanks in the late spring to reduce the in 
tensity of rising septic solids when diges 
tion begins in warm weather 

2. After a period of time, usually 3 to 
4 months, but never more than 6 months 
tank or tanks in use should be shut off 
and «their contents allowed to dicest un 
disturbed while other parallel units are in 
service. iIn small tanks digestion can lx 
promotell by sprinkling several bags of 
hydrated lime over the scum and plunging 
the liméd material with wooden plungers 
This is dane from one to several times dur 
ing a digestion period extending from 3 to 6 
months. ‘In larger installations the tank 
should be seeded with ripe sludge from a 
previously digesting unit by means of a re 
circulating pump. By the process of seeding, 
a fairly satisfactory sludge is produced, 
which is admittedly unusual for this type 
of tank. 

In Greenwich, Conn., Doman has carried 
the process a step further—after seeding he 
pumps the seeded raw material to a septic 


the 


ii oh ae F ; 


Fig. 4. A Complete Plant for Small Village 
Three septic tanks operated in rotation, sand filters and sludge dewatering beds. These 
tanks have plank-cover openings and manholes. 
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PART Iil 
Imhoff Tanks 
Karl 


story 


Imhoff 
Imh 


treatment 


When in 1906 
introduced the tw« 
tank for sewag« 
portant contribution to the 

of the o ry tank 

aid to hi originated at the Lawrei 
Station of the Massachus 
Public Health in 
a settling an digestion ur 
/ 


the imherent dis 


Ispx 


Experiment 
Department of 


an ettor 


leveloy 1 sludge 
would not have 
the septic Travis of 
England also developed such a tank, but he 
introduced directly int 
the sludge theory 
that amongst the benefits derived there 
would be a washing out of 
zymes or toxic products of bacterial acti 
ity. His idea did not gain favor in America 
tanks, of which the writer 
were ever built in the 


whicl 
tank 
some flow 
compartment mi «the 


scwanre 


excessive ¢ 


and no Travis 
has knowledge 
United States 
In contrast, hundreds of 
have been and are 
which continue to 
results, while others 
difficulties and are being replaced with the 
plain-settling separate-sludge digestion type 
of plant. At a time when many post-war 
sewage treatment plants are being designe:! 
it is well reasons tor past 
operating difficulties, under what local cor 
ditions Imhoff tanks should still be built 
how experience can point to the 
required t 


Imhoff tanks 
built, many of 
very satistactor 
given operating 


being 
give 
have 


to consider the 


and past 


fa rea 1¢ stg? nd perati 


produce satisfactory results 


Factors 
In Adoption of Imhoff Tanks 


The choice between Imhoff tanks o 
some other method of sludge digestion hing 
es largely on the general factors for the 
selection of a method of sludge digestion as 
outlined in the first article of this series 
namely: Plant location, connected popula 
tion and flow, the character of the sewage, 
the desirability of utilizing sludge gas, 


Fig. 6 
ns this plant 


nme or 


typ f operating personnel, and the 
for construction and mainte 


discussed 


inds available 


ance These factors will now be 


order 
Plant Locetion 

Imhoff tanks should be built on relatively 
isolated sites at least 500 to 1000 feet from 
ouses. Odors may occur Jue to disturbance 
f the scum in the gas vents, skimming oper 
¢ flowing-through compartments 
sludge gas to the at 


ations in tl 


ind the es ape of 
mosphere 


Connected Population and Flow 

Although some large cities are still em 
ploying Imhoff tanks, the writer is of the 
pinion that present day conditions militate 
against their use for the larger communities 
Much of this opinion is based on the manual 
attention required to properly operate Im 
off tanks, and the difficulties today of s« 
uring laborers prevailing high 
wage scales, to do such labor. Many com 
finding it increasingly difficult 


even at 


munities are 
to adequately man large batteries of Imhoff 
tanks. Good workmen are in such demand 
that they are simply not interested in shov 
skimming, plunging and squeegecing 
sewage tanks. Modern de 
provide, however, a highly 
tank lay-out for the 
where a suitable site is 


ling 
m-mechanized 
sign still 
atistactory Imhoff 
maller community 
ivailable 

The writer believes a population 
500 to 15,000 persons would include most 
cases where Imhoff tanks may well fit into 
the picture. Large institutions provided with 
available local help, and towns in a popula 
tion range from 1500 to 5000 offer special 
situations for the Imhoff tank as an eco 
nomical method of sewage treatment and 
ludge digestion 


can 


trom 





Fig. 5. Hand Skimming Operation at an Old Imhoff Tank Plant 


Wodern Imhoff Tank Plant 


is equipped for skimming drax 


sludge 


to drying lagoons 


Character of the Sewage 

Imhoff tanks will handle any given 
age as efficiently as plain-settling tanks un 
certain harmful industrial wastes are 
present. Such wastes might likewise pre 
clude the use of separate-sludge digesters 
with plain-settling, necessitating the drying 
and disposal of raw sewage solids. The 
odor from stale or septic sewage can he 
controlled by pre-chlorination without af 
fecting sludge digestion in the sludge com 
partment. In fact pre-chlorination will fre 
quently control foaming of Imhoff tanks as 
well as prevent carrying odors 


sew 


1 
less 


Utilization of Sludge Gas 

One of the major benefits of separate 
sludge digestion is the utilization of the 
by-product sludge gas. Plants serving a 
population range from 1500 to 5000, how 
ever, produce insufficient gas to provide 
more than a small portion of the fuel re 
quired for heating in northern climates 
Hence, gas utilization for this population 
range is generally of minor consideration 
Septic tanks, while they can be operated to 
produce good results, present inherent dif 
ficulties in this population range. The choice 
between the Imhoff tank or unheated 
separate-sludge digester frequently hinges 
on the type of operating personnel and the 
funds available for maintenance 

Some Imhoff tanks have been designed 
to collect gas from the gas vents, but 
the practice is subject to operating difficul- 
ties and has not been extensively em 
ployed 


Type of Operating Personnel 

The difficulties of securing operating per 
sonnel for Imhoff tanks in large cities has 
already been mentioned. When personnel 
is obtainable at reasonable wage scales, the 
total cost for labor will generally be lower 
than for any other type of primary sewage 
treatment plant except septic tanks. No 
mechanical ability is required unless pump- 
ing is involved, and a minimum of tech 
nical training is needed. Thus unskilled 
labor can be employed under the super- 
vision of a foreman or chief operator whose 
aualifications will be largely dependent on 
the size of the plant. This factor, coupled 
vith the automatic, non-mechanical, and 
continuous operation of Imhoff tank treat- 
ment, is a major argument in favor of the 
Imhoff tank 


Funds Available for Construction 
and Operation 

While the construction of Imhoff tanks 
should usually prove cheaper than for 
separate-sludge digestion type plants, the 
reverse may be true. As with any type of 
treatment the cost per million gallons of 
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more [he digestion of activated 

sludge in Imhoff tanks along with crude 

solids is not considered practicable and can 
recommended 

2. The fowing-through chamber capacity 

should provide a detention of not less thar 


erably 


not he 


ly because of accumulations of rags, paper 
and other fibrous materials in the gas vents 
and grit in the sludge compartments. Mod 
ern design can correct these former faults 
by giving the Imhoff tank the same break 
we have given the plain-settling tank. The 


writer favors screening of sewage for Im 
hoff tanks with actual removal of the screen 
ings, rather than disintegration of screenings 
with their return to the sewage flow. Re 
moval of the screenings reduces the tendency 
for formation of coarse slow-digesting solids 
in the gas vents which contribute to scum 


l4 hours for the average dry weather flow 
Surface area loadings should, furthermore, 
not exceed 1000 gal. per sq. ft. (preferably 
800) of flow-chamber surface for the 24-hr 
weather flow. With reasonable 
operating attention these design factors will 
atford a removal of suspended solids equal 
to that obtained with plain-settling type matting and choking of these channels of 
tanks. Table II gives the analytical results gas escape. 
of the examination of Imhoff tank influent 4. The fewer the hoppers and 
and effluent samples collected at a number walls in the sludge compartments, the bet 
of plants over a period of 8 years ter. Restrictions in the lower compartment 
3. Pre-tr of sewage prior to Im of Imhoff tanks tend to segregate sludge de 
hoff should posits, interfere with effective seeding of 
through / 1%-inch the raw solids, result in “lime pockets’ 
bar screens followed by a when lime is added to the digestion com 
partment, correct acidity, increase the cost 
for sludge piping and valves, and necessitate 
more frequent reversal of sewage flow 
through the tank. Tanks with flat-bottoms 
and those with continuous or single hoppers 
have worked very successfully without any 
flow reversal. Where cross-walls are re 
quired for structural strength they should be 
built astride the flow-chamber sides just 
above the slots but not higher than 3 ft 
below the tank flow-line. This will give wm 
obstructed gas vent surfaces for the scum 
removal lay-out suggested later 


average dry 


Pvidinyg 


ttment 


tank settle include screening 


ne h to 


iear-openinyg 
The 


l-inch screens for the larger plants should 


grit chamber 
cleaned The 1 inch 
small plants may be hand 
cleaned two or more narrow 
hand-cleaned grit chambers will suffice for 
the smaller plants. Grit should 
be provided regardless of plant's size 
or whether the collecting sewers com 
bined or separate. These units are in 
expensive and have almost without excep 
tion proved their worth at another 
time 

Many Imhoff tanks fail t 


be mechanically 
for 
Generally 


screens the ) 


chambers 
the 


are 


one of 


ope rate proper 
TABLE II 
Results of Analyses of Imhoff Tank Influent and Effluent Samples 


Fig. 7. Sludge Sounder and Sampler 
This commercially available sludge sounder 
has ball stoppers at top and bottom. Sub 
merged to depth desired, a jerk on the 
ord opens both ports and the sampler fills Po 
The lowering chain is tagged at one foot 
intervals to determine depth 


Semples Av. Settl. 
Collected Av. Susp. Solids 
Over @ Yr Solids, mi./liter, 

Period ppm. 2 hrs. 


ulation 
erved Sample of 
Raw sewage r 7 
Tank effluent 

Raw sewage 

Tank effluent 

Raw sewage 

Tank effluent 

sewage 

effluent 

sewage 

effluent 

sewage 

effluent 


sewage treated, or per capita served, will be 
lower as the size increases. The operating 
cost of Imhoff tanks, however, for plants ot 
approximately equal connected population 
should be considerably than for sep 
arate-digestion type plants. Costs of oper 
ating plants in the population range of 15, 
000 to 30,000 in Connecticut average about 
38 cents per capita per year. Smaller plant 
costs may run twice this. Some large cities 
using Imhoff tanks report yearly operating 
costs as low as 4 cents per capita. In gen 
eral, the choice in favor of Imhoff tanks 
versus another type of plant will not gen 
erally be greatly influenced by the funds 
available for construction, but if low main 
tenance costs are desired and the other in- 
fluencing factors are favorable to Imhoff 
tanks, this type of plant will prove most 
economical, the per capita cost bemg fre 
quently one-quarter to one-half that for 
separate-sludge digestion 


less 
a 
Tank 


lain-settling tanks 


Design Requirements 

Following are pertinent design require 
ments. The items listed do not include all 
of the factors which enter into the design 
of Imhoff tanks but they do represent those 
considerations which the writer's experience 
have shown to be particularly important 

1. The minimum sludge storage capacity, 
from hopper bottom to 18 inches below the 
slots, for tanks in northern climates should 
be at least 3.5 cu. ft. per capita served, and 
preferably 4 to 5 cu. ft. Experience indi- 
cates that most of the operating difficulties 
with foaming excessive scum accumulations, 
solids rising through the slot pronouncedly, 
odors and poor sludge quality would not 
have been experienced had the tank storage 
space for sludge been more liberal than 
originally considered sufficient. If the Im- 
hoff tank is to receive secondary tank humus 
sludge, the above sludge capacities should 
be at least 5 to 6 cu. ft. per capita and pref- 
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Fig. 8. Small Plain-Settling Unheated Separate Sludge Digestion Type Plant, North 
Manchester, Conn. 
(Digester is on hill with operating gallery showing. Settling tanks have sludge scrapers.) 
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holes in aprons 
rarely level 
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given /m/ 
Is given the 
Poor distributior 

narrow inlet 
effluent weir 
older tanks. 
outlets or sub 
particularly be 
weir over- 


und 
same 
md outiet 
tling type ol tank 
tanks, clogging ot 
lack of sufhcient 
ommon faults in the 
narrow gate 
outlets should 


of full-width 


design as 


f n better than shal- 
anks because of greater sludge storage 
afford better opportunities ot 
sufficient quantities of ripe 
ut drawing off too much seed 
partially-digested solids. Ex- 
perience indicates that in general tanks 25 
to 30 feet deep will produce better sludge, 
less scum and give rise to less foaming 
than tanks 20 to 25 feet deep. 
an 20 feet deep are usually 
operation 
should be located outside 
or accessibility and again to 
structed gas vent areas 
for squeegeeing and 
should have a mini- 
mum width of 15 inches. This width will 
permit reasonably tank maintenance 
without the need of supplemental wooden 
planks which rot or may become 


ey 


inate erial 


ave 
ifhculties 
ranks 
msuccesstul 


9. All 


less th 


mules 
skimming operations 


ways 


Sale 


eventually 
dislodged 

ll. In those 
head is available, a bottom drau 
pitched continuously and uniformly down- 
ward from the tank’s bottom to the sludge 
or lagoon, is highly desirable. 

ich a draw-off will keep accumulations of 
lime, foreign objects and grit moving out 
with the bottom sludge. The second-best 
arrangement is a riser type draw-off with 
take-off several feet below 


where sufficient 


sludge 


rare cases 


~ott 


drying bed 


S 


the horizontal 





slots. This will permit 
the tank level for flow- 
chamber and inspection, a highly de- 
sirable arrangement. If a supernatant liquor 
ff to a similar depth is installed this 
fier the same advantage, and without 
the seeded digested sludge from the 

The for a super 
draw -off not great 
Ihe initial available the sludge 
utlet line should never be less than 5 feet. 
Sludge lines should have a minimum size of 
8 inches 

12. An 


difheulty 


flow-chamber 
drawing down oi 


the 
slot 


jraw 
will 
loss of 
cost 


hottom increased 


natant connection 1s 


head on 


all too frequent major operating 
with Imhoff tanks is the scum 
iccumulations in gas vents, primarily be- 
cause no facilities have been provided for 
scum removal except by the time-worn 
wheelbarrow parade. While gas vent scum 
draw-offs through pipes "didlos gates 
are far from new, it is surprising how few 
Imhoff tanks have been equipped with them 
I gas vent area should be unobstructed, 
and one or more bell-shaped flanges at- 
tached to 8-inch or larger pipes should be 
set in the vents at an elevation 6 inches 
winder the normal flow line. The pipes 
should be valved outside the tank and con- 
nected into the sludge draw-off line dis- 
charging to the sludge drying beds or a 
lagoon. A depth of 6 inches is about right; 
depth hinders scum removal and fre- 
quently causes scum clogging of the piping, 
while greater depths withdraw too much 
subnatant liquor. Sliding gates installed 
on the outside walls at each end of the gas 
vents have been used at some plants and 
should prove satisfactory substitutes for 
pipe flanges. 

13. Hand-skimming of Imhoff tank 
flow-chambers should not be necessary in 
this day and age. In many plant lay-outs the 
prevailing wind will concentrate surface 
skimmings at the removal end of the cham- 
bers. A floating scum board, the width of 
the chamber, can be dragged from one end 
to the other, or a water spray with a 
hand hose or permanent water pipe nozzles 
can be used to drive and concentrate the 
scum. A slotted swivel pipe can then be 
used to remove the skimmings by gravity to 
a concentration well or directly to a special 
drying bed. Such draw-offs are commonly 
used for rectangular plain-settling type 
tanks. One or more jun off pipes fitted 
with bell flanges and pipe valves just under 
the tank surface may also be used as a 
substitute. Such draw-offs and valves help 
to reduce much of the time consuming labor 
required for hand skimming and are well 
worth the small additional cost 


or 


less 


Operating Requirements 
The following requirements are not in- 
tended as a complete guide for plant oper- 


‘Fig. 9. Open Top Unheated Digester with Sludge in Foreground — 


(Note fence and attached 


le. 


operating gallery. 
Uist 


Plain settling tanks and pump house not 


ALS 


Fig. 10. Sone ‘Digester as in Fig. 9 
Showing walkways and safety railings. 
ote broken up condition of scum which is 
one foot thick and ready for drawing 
to sludge beds.) 


ation, but in the writer’s opinion will help 
to avoid some major operating difficulties 
Most operators will agree that operating 
troubles center around foaming, scum ac- 
cumulations, carrying odors, and rising 
sludge in the flowing-through chambers. 
Poor sludge quality plagues some badly 
overloaded plants 

When frothy material rises in the Fg 
vents above the normal water surface, thi 
is called mild foaming. Real foaming result@ 
in the overflowing of froth from the gag 
vents into the flow-chambers and onto the 
surrounding ground. A general mess is the 
result. The writer is grateful that he 
has not had to cope with a real case of foam- 
ing for many years. 

Foaming is invariably associated with 
overloaded plants or new tanks started with- 
out seeding in cold weather. In northern cli- 
mates spring may bring the foam, attribute 
to be largely soapy materials which rise 
with the vigorous gas production accom- 
panying accelerated spring activity in ac- 
cumulated dormant winter sludge. 

Deep tanks with adequate storage will 
foam less than shallow tanks with their 
limited sludge storage. Foaming may occur 
regardless of whether alkaline or acid con- 
ditions prevail in the digestion compart- 
ment liquor and sludge. If an acid condi- 
tion is present (indicated by a total alka- 
linity below 1000 ppm. or a pH below 6.4), 
moderate amounts of line will sometimes 
stop foaming.* Excessive hosing of the gas 
vents actually aggravates foaming, inter- 
feres with sedimentation and increases the 
chlorine demand of the tank effluent. The 
hydraulic head produced in the digestion 
compartment as the result of hosing the 
vents seeks a level through the slots, result- 
ing in displacement of supernatant liquor 
and frequently of solids into the flowing- 
through chambers. 

The best cures for foaming are: 

Rest the tank if possible. 

If all tanks must be kept in operation, 
draw some sludge, leaving in plenty of 
seed sludge. 

With overloaded tanks, maintain alka- 
line conditions by small periodic addi- 
tions of milk of lime or dry hydrated 
lime to the gas vents, working the lime 
into the scum with a paddle or other 
manually operated agitator. Avoid 
dumping large quantities of lime into 
the vents at one time. This will cause 
lumping and building up of lime pock- 


Foaming 


*Suggested quantities of hydrated lime may vary 
from 15 to 80 th. daily per mil. gal. of sewage 
treated, or 2 to 10 th. daily per thousand persons 
connected 
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tor lowered to the hopper bottoms can be 
employed to scavenger the grit and silt 
laden hoppers. When good water pressure 
is available, or a portable pump is em 
ployed to provide eftiuent under pressure, a 
crude ejector can be constructed of pieces 
of pipe and pipe fittings if a suitable eje 
tor cannot be procured 





Odors 


Cleanliness is guc insurance against 
odors. Pre-chlorination (mentioned ear 
lier) will markedly reduce odk irom sep 
tic sewage. By intellizent operation even 
very local odors from Imboff tanks car 
usually be kept below the nuisance stage 


Rising Sludge 
The floating of partially-digested or 
digested sewage solids in the flowing 
through chambers of Imhoff tanks is gen 
erally the result of 
Sludge depths higher than 18 inches 
from the slots, generally at or above the 
slots. 
Scum depths extending downward to the 
slot level, so that solids break off from 
the bottom scum layer and rise through 
the slot into the flow chamber 
Dirty aprons or clogged slots 
Excessive hosing of scum. 
Structural defects in the slot. (Wrong 
construction, insufficient overlap, broken 
edges, etc.) 
Seasonal over-turns caused by tempera 
ture changes within the tank 


Fig. 11. Small Gravity Sludge Transfer Type of Seperate VD 
l sindge riser pipes, scum 
eds in distance.) 





Settling tank in foreground, separate digester to N ote 
y slud 


draw-off port between settling tank and digester and T 


ets under the slots with eventual diffi- sible. Much scum will rise through the 
fscum slots and accumulate in the flowing A 
} The remedies for these conditions are 


m 
either self-evident or have been previously 


culties with sludge digestion anc 


tormatior through chambers, whence it can then 


“ floated into the draw-off pipes 
Scum Accumuletions If after a period of years, grit, lime and 
Excessive scum accumulation in gas vents other heavy solids accumulate in the sludg: 
is abnormal and indicates either an over compartments, normal seceding and diges Sludge Quality 
loaded plant or lack of operating attention tion will be seriously affected with the Sludge quality is mostly dependent on 
The writer believes in giving gas vents at likelihood of excessive and persistent scum plant capacity; secondly on the method oi 


tention. Scum should be lightly hosed, pad build-up in the gas vents. Although a ma operation. Draw sludge slowly, in small 
died, limed and otherwise encouraged t& jor job is frequently in prospect, the tank in quantities and frequently! In late fall in 
settle when weather conditions permit such cases may need to be dewatered and cold climates, draw sludge until winter 
Holes should be maintained through thx completely cleanec storage requirements are secured. Hold off 
scum for gas release. Several times a yea 
rags and other coarse materials in the gas TABLE III 
1 houk forked out. Slow digesting 
vents should be f ; ; . , Analyses of Imhoff Tank Sludges 
w non-digestible material like match sticks 
and hair should be scooped out of gas vents % 
i - ‘ ar. When a draw-off for i Volatile Total 
at lenst once a yea 7 : % Fixed Solids Solids, Alkalinity, 
Moisture Ory Basis Ory Basis ppm. 
$7 43 1300 
49 1200 
; 1900 


discussed. 


1. In some cases an eje 


the scum is available this, of course, is used 
instead of the hand scooping 

If valved pipe draw-offs have been in 
stalled in the fowing-through chambers for 2 1900 
skimmings removal, one method of re 4 . x yo 
moving scum from the gas vents is to draw 46 2900 
down the tank as near to the slots as pos : ‘ 45 700 


Sample No 
I 4 





Fie. 12—Modern Heated Separate Sludge Digestion Plant. 
Boasts a record of no complaints from closely located residences during 16 years of operation. 
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spring drawing in the north as long as pos 
sible. Infrequent drawing of large amounts 
of sludge is not good practice under any 
conditions and may trouble 
Table III gives Imhoff 
tank sludges udequate 
capacity. Sucl 
hold, 
strongly 
and of 
separate-sludge digesters frequently tail 
produce any better pr 
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Tools 

A word about tools 
be made of a reliable sludge 
as that pictured in the accompanying cut 
Pitcher pumps are awkward and messy i 
operation by Weighted ball 
floats or metal accurate for 
sludge soundings 

Other tools should include several squee 
gees with short and long handles for 
ee. =—z — 


I requent use s 


sounder, such 


comparison 


discs are not 


( one 





Fig. 15—New Haven’s Modern Separate Digestion Plant. 
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square 


tor sloping 
scum 
wood, a 


with scum 


walls and one 
round of 


the vertical 
walls 
plungers 
scum pusher, if you are 
draw-offs, a hand skimmer of '4-inch wire 
screening or fish netting, if a mechanical 
skimmer is not available), and a chain slot 
cleaner. Squeegeeing of the flow-chamber 
aprons and cleaning of the slots should gen 
erally be a weekly chore 

The tools for Imhoff tanks illustrated in 
most current books and releases are too 
heavy and of awkward Phe energy 
expended in manipulating these tools ts too 
great. Squeegees should be 24 inches wide 
and the belting or rubber extended not morc 
than 1% the frame 
Skimmers should be 6 inches deep, but not 
about 10 x 18 inches in plan. For a 
drag chain, use Ieet (rot 
6 feet) and weighing around 5 Ibs 


link chain of 7/16 inch stock is about right 


and slots) 


(churners) of metal or 


blessed 


SIZ¢ 


inches beyond holding 
over 
long 


one about 3 
Pwisted 


Conclusions 

Imboff tanks of proper 
depth, and with good operation, will func 
satisfactorily. Given a fairly isolated 
location they may economically serve 
munities and institutions im the population 
range from 500 to 15,000, in particular from 
1500 to 5000. Unskilled labor 
and per capita operating costs are low 

Such plants should be provided with pre 
treatment units providing screening and 
grit removal, and equipped with mechanical 
aids for withdrawing gas vent scum and 
flow-chamber skimmings 


PART IV 
Unheated Sludge Digesters 


Che 1938 “Committee on Sludge Diges 
tion” of the American Society of Civil En 
gineers states that there is doubt as to the 
first use of the method known as separate 
digestion. In 1884, however, separate di 
gestion tanks were used in tests at London, 
England, and again at the Lawrence Ex 
perimental Station of the Massachusetts 
Department of Public Health in 1899 
While Imhoff tanks led the field in this 
country during 1910 to 1920, the trend since 
1920 has been toward the adoption of the 
system of sludge 


capacity and 


thou 
com 


can be used, 


separate digestion 


Factors in the Selection of 
Unheated Digesters 
While the general factors previously dis 
cussed for the septic tank and Imhoff tank 
must be considered, the decision to us« 
unheated separate digesters also involves 


the variety of uses under which they may 
be employed. These are as 

1. Rectangular or possibly circular units 
with gravity transfer of raw sludge from 
adjacent hopper-bottom plain-settling tanks 

2. Elevated open-top units, usually cir 
cular, to which raw sludge is pumped from 
either hopper-bottomed settling tanks or 
tanks equipped with conventional scraper 
mechanisms 

3. Circular open-top units 
ondary units following primary digestion of 
raw solids (two-stage digestion) 

4. Circular and sometimes rectangular 
covered units, also used as secondary units 
following primary digestion of raw solids 
Such units have fixed covers, floating 
covers, or a gas-storage holder which 
and falls with the storage 
In most cases the sludge gas is collected and 
utilized 

Methods No. 3 and No. 4 are 
tied in with heated separate sludge digesters 
that the factors influencing their use, to 
gether with their design and operation, will 
he discussed in Part V of this series 
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Plant Location 

\ site suitable for a septic tank or Im 
hoff tank plant will be suitable for unheated 
Because of the advantage of sep- 
urate control of the sewage settling and 
digestion processes, carrying odors from 
this type of plant should be under better 
than with Imhoff tanks 


digesters 


contre 


Connected Population 

The unheated digester is a competitor of 
the Imhoff tank in the 1500 to 5000 con 
nected population range. Below 1500 popu- 
lation the writer favors the septic tank for 
reasons discussed in Part IL. Between 1500 
and 5000 population, unheated digesters 
have their held of greatest usefulness. The 
cost of operation and maintenance is low, 
although generally not as low as for Imhoff 
tanks handling the same population. As the 
connected population increases above 5000, 
a point is reached, when gas utilization in 
factor. Such 
materially the volume of 
required and while the gas 
production in winter may not be sufficient 
to supply all heat requirements of the 
digesters and operating building, it will be 
coupled with standby fuel, to 
shift 


heated digesters becomes a 


heating reduces 


digestion space 


suthcrent 
warrant the 


Character of the Sewage 
With proper design and operation, 
efficiency of sewage sedimentation is 
(Continued on page R-154) 


Note pressure gas-storage Hortonsphere on right—sometimes referred to as the “bubble of progress” in sewage treatment. 
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SANITARY 
ENGINEERING 
EQUIPMENT 


for 


SOLVING WATER, SEWAGE AND 
INDUSTRIAL LIQUIDS TREATMENT PROBLEMS 


TRITOR SCREENS 


—are used for the removal of screen- 
ings and grit at sinall sewage treat- 
ment plants. With the Tritor Screen, 
one mechanism accomplishes re- 
moval of both grit and screenings. 
Send for Book No. 1587. 





STRAIGHTLINE 
SLUDGE COLLECTORS 


—for rectangular settling tanks, 
Straightline Collectors with peak- 
cap bearings, pivoted flights and 
_.“Straightline" action provide a com- 
bination which can't be beat for 
efficient collection of sludge and 
grease. Send for Book No. 1742. 


sO 


STRAIGHTLINE BAR SCREENS 


—for removal of floating solids over 
¥," in size, from incoming sewage 
or industrial liquids, thus assuring 
an even flow through the channel. 
Send for Folder No. 1587. ‘ 





... ENGINEERED AND 


HORIZONTAL SLOW MIXERS 


—for rectangular tanks where horizontal flow is desired. The degree 
of mixing can be reduced as the water flows through the tank by de- 
creasing the number and changing the pitch of the paddies. Send for 
Folder No. 2042. 


CIRCULINE 
SLUDGE COLLECTORS 


—for round settling tanks. Circuline 
collectors are equipped with 
"Straightline" action which assures 
quick and positive sludge removal 
from the entire tank floor in one 
revolution. Send for Book No. 1982. 


URCE...ONE RES 





PONSIBILITY... 





BIO-FILTRATION SYSTEMS 


This system consists of high rate 
shallow filters and recirculation of 
the effluent from the filter to the 
settling tanks. Features are: great 
flexibility, high rate of B.O.D. load- 
ing and the ability of plants to 
handle strong domestic and indus- 
trial sewage in single-stage or two- 
stage treatment, as required. Send 
for Folder No. 1881. 


THRU-CLEAN BAR SCREENS 


—a coarse bar rack and chain op- 
erated rakes equipped with fingers 
that clean through the rack from the 
back. The screen cannot be jammed 
by large objects since the rake will 
senter under and lift them. Send for 


LIQUID VIBRATING SCREENS 
—an efficient and economical screen 
for the removal of solids from indus- 
trial liquids. Units are ovailable in sev- 
eral sizes with coarse or fine screen 
medium. Send for Book No. 1977-A. 


STRAIGHTLINE 
GRIT COLLECTORS 


—for the removal of a clean, washed 
grit with a low putrescible content, 
the collecting and thorough cleaning 
operation with Link-Belt grit washer 
makes further handling unnecessary. 


Folder No. 2327. Send for Book No. 1942. 


COORDINATED FOR MOST EFFICIENT PERFORMANCE... 


PADOLE NPl PADDLE N°] 








LONGITUDINAL SECTION 


Laem-BELT FLASH 


FLASH MIXERS 


—for rapid and thorough mixing of 
chemicals with water, sewage or in- 
dustrial liquids. A large, efficient 
four-blade propeller operates with 
or without under water bearing. 
Send for Folder No. 2042. 


VERTICAL SLOW MIXERS 


—for square tanks which can be constructed singly or in a series of 
two, three or four. These mixers will provide efficient mixing and 
flocculation where vertical flow is desired. The mixers can be operated 
at a decreasing rate of speed to produce the maximum size floc. Send 
for Folder No. 2042. 


ONE HIGH STANDARD OF QUALITY... 


@ Link-Belt monvufactures a complete line of equipment for Water, Sewage and Industrial Liquids Treat 
Plants and have applied this equipment effectively to the solution of such problems. Link-Belt engineers 
have cooperated with consulting, municipal and sanitary engineers, and plont operators in planning and 
operating plonts, for positive results and highest efficiency. For information on any of the above products, 
write your nearest Link-Belt office. 


LINK-BELT COMPANY 


Albony 7 444 Broodway *Los Angeles 33 ; St. Lovis 1... 

*Atlonto 1116 Murphy Ave., S$.W 361-369 $. Anderson St. *Seattle 4.. 

Boltimore 18 2315 St. Pou! St Lovisville 2 136 South 4th St *Spokone 13 tess 

Birmingham 3. .2100 Second Ave., N Milwaukee 3 808 N. Third St North 1303 Washington St. 
c 


Fal 


317 North Tith St. 
3405 Sixth Ave. South 


STRAIGHTLINE 
SCUM BREAKERS 


—are used in either round or rec- 
tangulor digestion tanks to break up 
the floating scum, paddle it down 
and submerge it. The scum breaker 
consists of two stands of chain with 
pitched flights between them, travel- 
ing at a slow speed. Send for in- 
formation. 


*Boston 15 136 Brookline Ave 
Buffalo 3 295 Moin St. 
Charlotte 2, N.C 112 S. Tryon St 
Chicago 9? 300 West Pershing Rood 
*Chicago 9 30! West Pershing Rood 
Chicogo 8 2410 W. 18th St 
Cincinnati 2 138 E. Court St 
Cleveland 15 1422 Euclid Ave 
*Dolles | 500 Latimer St 
*Denver 2 + Schloss & Shuboart 

1626 Wazee St 
*Detroit 4 5938 Linsdale Ave. 
Duluth 2 301 W. First St 
Grand Rapids 2. .48 Division Ave., N 
*Houston | 3203 S. Wayside 
Huntington 9, W. Vo 

1009 Fifth Ave 
indionapolis 6. .519 N. Holmes Ave 
indianapolis 6. .220 S$. Belmont Ave. 
Jacksonville 2 137 E. Forsyth St. 
Konsas City 8, Mo... 2630 Holmes St. 


*Minneopolis 5 200 Lyndale Ave., N. 
Moline, tt. 1608 Fifth Ave. 
Newark 2, N. J 31 Clinton St. 
*New Orleans 12 + R. J. Tricon Co 
747 Tchoupitovies St 
New York 7 3100 Woolworth Bidg. 
New York 7 (Export Div.) 
2680 Woolworth Bide 
*Oakiand 7, Calif...1025 Harrison St. 
*Philedelohia 40 
.2045 West Hunting Pork Ave. 
Philadelphia 40 (Dist. Soles Office) 
1955 West Hunting Pork Ave. 
Philadelphia 20 (Olney Foundry) 
180 W. Dunconnon Ave 
Pittsburgh 13 .. 5020 Centre Ave 
*Portiand 9, Ore., 1637 N.W. 14th Ave. 
*Salt Loke City 9 + Industria! Supply 
Co., Inc 121-135 Motor Ave 
*Sen Francisco 24 400 Poul Ave 


Washington 1, D 

740 Eleventh St., N.W. 
Wilkes-Barre ..15 W. Market St. 
Wilmington 43, Del..805 Orange St. 


In Caneda + Link-Belt Limited 
*Toronte 8 791 Eastern Ave. 
*Montreal 18. 180 Vallee St. 
“Vancouver 
*Swastike, Ont.. 
Hamilton... .. 
Elmira, Ont. (Foundry) 
-sveeeel® Church St., E. 
*Winnipeg «+ Mumford, Mediond, 
Limited 576 Wall St. 
Holifox + Austen Bros. Uid...... 
+e .118 Hollis Se. 


Shovel-Cranes + Link-Belt Speeder Corp. 
Cedor Rapids, la., 1201 Sixth St. S.W. 
the Werld 





And through Official Distributors and ® oh 


*Also Foctory Branch Stores 


ies 
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(Continued from page R-151) 

sured by the plain-settling, separate-sludge 
igestion type of plant. As with Imhoff 
tanks, however, harmful industrial wastes, 
such as copper, chromium or wool fibre, in 
toxic or excessive quantities, must not be 
present or digestion will be unsatisfactory 
and nuisance develop. Designers of mod 
rn sewage treatment plants have a respon 
sibility to their clients to ascertain that m 
such wastes are present in the sewage or to 
take steps to pre-treat or exclude them 


Operating Personxel and 
Cost of Operaiion 

The performance of septic tanks and 
Imhoff tanks is not likely to be so adversely 
affected by deficiencies in operating person 
nel as ts the separate digestion system. This, 
coupled with lower operating costs, ts why 
the author has favored the septic tank ane 
Imhoff tank for the small community, in 
stitution, or tactory 

Operators of unheated digester type plants 
must frequently have mechanical ability, be 
able to perform simple laboratory tests, keep 
records, and give routine attention to the 
plant. With these qualifications they gen 
erally command a higher salary than oper 
ators of septic or Imhoff tanks handling the Digester Gas Heating Furnace (left) and Auxiliary Oil Burning Furnace 
same population (right) at Putnam, Conn 

These units can be operated singly, in parallel or 











Pertinent Design Requirements 
1. Provision should be made for screen 
ing and removal of grit from the sewage unheated separate digesters should be pro- out ice and snow. Sections of the cover 
flow. This requirement should apply to all tected from freezing. This is a frequent can be left in place, when working on the 
sewage treatment installations of any size operating headache in northern climates. tanks. 
except some septic tanks (see Part I1), Submerge of the valves in sewage will With larger circular tanks, elevated above 
Grit chambers are needed whether or not generally prevent trouble ground level, and to which raw sludge is 
the collecting system is on the separate plan 4. With gravity sludge transfer pipes, pumped, covers are not necessary, since 
[wo or more narrow hand-cleaned grit the digester discharge should be visible at normal gas odors are readily dissipated into 
hambers should prove satisfactory. Hand maximum liquid elevation in the digester. the air, the top surface is not visible to a 
leaned screens should give way to mechan This enables an operator to see the char ground observer and in northern climates 
ical screens or disintegrators for connected acter of the raw sludge being drawn. A 90 the scum can be left undisturbed until the 
populations above 5000 degree fitting with extension piece can be ice and snow melt in the spring. Open top 
2 used if required. Minimum withdrawal tanks require, however, a concrete walk 
should be 3.5 cu. ft. per capita and prefer head for sludge transfer should be four to way or wide heavy planking (minimum 
ably 4 to 5 cu. ft. With the addition of five tect width two feet) for scum plunging opera 
humus sludge the minimum  allowanc« 5. The digester top should be fully ac tions, and should furthermore be surrounded 
should be 4.5 cu. ft. per capita. The addi cessible for scum plunging. Treated plank by a high substantial fence to prevent acci- 
tion of waste activated sludge to such tanks covers are suitable for rectangular units fed dents to trespassers, not to mention the 
annot be recommended by gravity sludge lines. Eventually, of protection it affords the digester from 
; sludge transfer course, such covers rot. Covers improve the foreign objects being thrown into it 
6. Scum and sludge levels in small rec 
tangular digesters can be determined with 
a type of sludge sounder described under 
Imhoff tanks. Large circular digesters to 
which raw sludge is pumped should prefer- 
ably be designed with an operating gallery 
accessible at grade in which is located the 
supernatant and sludge draw-off piping, 
control valves, and a sampling sink. The 
sink should be at least 18 inches deep, have 
a 3-inch drain, and be supplied with 1% or 
1% inch sampling pipes with quick opening 
valves from the various digester levels. A 
water supply not cross connected with a 
potable water supply should be piped to the 
gallery for back-flushing clogged lines and 
rinsing the sink. The gallery should be 
heated. If the operating building is built 
adjacent to the tank, a portion of this 
building can be utilized as a pipe and 
sampling gallery, thus saving the cost of a 
separate gallery 
7. Rectangular digesters adjacent to 
settling units should have a minimum water 
depth of 8 ft.. preferably 10 ft. Circular 
tanks for larger plants, to which sludge is 
pumped, should be at least 20 ft. in depth 
and are frequently deeper 
8. Decanting pipes at 2 to 3 ft. intervals 
should be provided throughout the normal 
zone for scum and supernatant liquor stor- 
age. The liquid level of rectangular diges 
mK ters adjacent to settling units is of neces 
cnecenentiiiiitiiiiaaaiie ——— sity below that of the settling units. Super 
16.—Rectangular Digesters at Middletown, Conn., Surmounted by Horizontal natant liquor is best handled at these small 
Pressure Gas-Storage Tank plants by drawing it on to one or two sludge 


4 The minimum sludge storage capacity 


) The valves on gravity 
pipes between adjacent plain-settling and appearance, reduce carrying odors, and keep 
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Fig. 18 


j 
(/perates ordinartly on digester gas 


beds reserved for this purpose. Pumping of 
the supernatant to the raw sewage not only 
requires additional equipment but the 
flow at such plants affords insufficient dilu 
tion for the liquor. A means for discharg 
ing skimmings from the settling tanks to 
the digester is convenient \ handy ar 
rangement is illustrated in Fig. 11. 
Supernatant from elevated circular di 
gesters can be returned at a slow rate to the 
raw sewage flow, but an alternate arrange 
ment for draining on sludge beds is de 
sirable. Slow rates of return can be secured 
by utilizing the small sampling sink pipes 
instead of the larger decanting pipes. At 
least two of the supernatant liquor draw 
offs should be of 8-inch pipe, one located 
foot below maximum high water 
and the other about 3 feet lower. Thes 
pipes can then be used to draw off partially 
digested liquid scum, which has been pri 
viously broken up, to the sludge beds 


low 


about a 


Pertinent Operating Features 
1. Open 
explosion hazard and very little fire hazar« 


unheated digesters present no 
This safety feature, coupled with the 
omission of gas-fired boilers, meters, flame 
traps, pressure regulators and condensate 
traps, simplifies operation. Less knowledge 
and mechanical aptitude are thus required 
of the operator than with heated digesters 

2. These units should preferably be 
started in the north during early spring or 
summer. The exact procedure will be dis 
cussed in detail under Part V on “Heated 
Digesters 

3. Seed sludge must be kept in these units 
as with Imhoff tanks. The sludge level 
should be drawn down in the fall in the 
north to provide storage during the winter 
when very little digestion will occur. At 
best, tank temperatures will not exceed that 
of the raw sewage, and will fall lower in 
exposed locations. It is always wise to 
have several clean sludge beds ready to 
receive sludge in winter in case some sludge 
must be drawn. When sludge of suitable 
drying quality is obtainable during favor- 
able drying weather it should be drawn in 
limited amounts frequently 

4. Raw sludge through gravity lines 
should be drawn slowly to the digester until 
water streaks are visible. Samples of the 
sludge should be observed at close range, if 


Hot Water Boiler at 
but is equipped f 


Conn 


burning, tf and whe 


7 orrmgtion, 


j 
rou necessary 


necessary, to cut down on the overflow 
liquor volume. The sludge in plain-settling 
tank hoppers should be squeegeed down the 
sides of the hoppers; otherwise, the sludge 
will not be effectively removed and a build 
up of solids on the sides of the hoppers will 
occur with subsequent rising of sludge 
masses, especially during warm weather 
After sludge has been drawn from all hop 
pers, a second short drawing is often bene 
ficial. With mechanically-cleaned settling 
tairks, sludge removal follows the usual 
patte mn 

5. Supernatant should be drawn from the 
level shown by sampling to contain the low 
est solids content. A simple test for small 
plants with limited laboratory equipment is 
to settle a sample of the supernatant in a 
graduated cylinder for one hour. Solid ac 
cumulations under 5 per cent by volume 
indicate a good liquor; readings to 10 per 
cent can generally be returned to the raw 
sewage flow without operating difficulties, 
especially if returned at a slow rate or if 
the sewage flow is sufficient to provide good 
dilution. Liquor containing more than 10 
per cent solids by volume should be sent to 
sludge beds or retained if possible. Super- 
natant liquor is generally drawn once or 
twice a week to make room for the addition 
of fresh sewage solids. Automatic overflow 
of supernatant during raw sludge additions 
is generally neither necessary nor desirable. 

6. Scum floating on the dieester surface 
should be worked with a light wooden 
plunger or similar tool, occasionally, if 
required, broken up with water, sewage, or 
supernatant liquor under pressure. The use 
of supernatant is preferable. When a foot 
or more of semi-liquid scum has accumu 
lated it can be drawn off through the super 
natant pipes recommended under design re 
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rid the tank of float 
and other slow 


his will 
ing hair, match sticks, rags, 
digesting material. By promotion of 
digestion through routine submergence of it 
the material will be black and have no ap 
preciably greater odor than bottom sludge 
The drying time on the sludge beds will 
usually be longer than for bottom sludge 
drawn to the same depth, because of the 
character of the material 

Lime in judicious quantities will often 
aid in settling scum and promoting better 
digestion. Its use is by no means always 
necessary, nor should it be used unless a 
real need is evident. The pH of the sludge 
may be allowed to drop to 6.4 or 6.5 before 
adding lime. In the interim effort 
should be made to promote digestion by 
submerging scum, maintaining plenty of 
seed sludge, adding raw sludge m proper 
quantities at regular intervals recir 
culating the tank's contents if the pH or 
total alkalinity values are widely different 
in various zones of the tank. While the 
writer does not subscribe to the theory of 
artificial maintenance of high pH values 
with lime, he does believe that lime has a 
definite use in sludge digestion. This mat 
ter will be discussed in detail in Part \ 

7 tanks, when properly 


quirements 


scum 


every 


and 


7. Odors from these 
operated and not subjected to overload, are 
not offensive and are generally confined to 
the immediate vicinity of the tank. Fre- 
quently no odor can be detected at the base 
of elevated open-top tanks 

8 Table IV gives the results of some 
analyses of digested sludge from unheated 
separate-sludge digesters in Connecticut. It 
will be observed that most of the results 
compare favorably with what is considered 
well-digested material. In some cases the 
high alkalinities and fixed solids reported 
are partially the result of lime additions, 
admittedly excessive in some instances 
Other tanks have rated with little 
or no lime. 


been ope 


Conclusion—Part IV 

Unheated separate-sludge digesters have 
a field of usefulness for small communities 
and institutions. Routine operating atten 
tion on an intelligent level must be provided 
to produce satisfactory results. Such oper 
ation coupled with proper design will pro- 
duce sludge of satisfactory quality 


Fig. 19.—Heavy-lid Type of 
Cover, Such as Used at Torrington, 
Has Several Advantages 


Manhole 


Conn., 


TABLE I\ 
Analyses of Sludges from Unheated Separate Sludge Digestion Tanks 


Fixed 

Sample No % Moisture 
! ch) 
18 

44 

54 


% Volatile 
lids Solids 


Alkalinity, 
ppm Color Odor 

3500 Brown 

1600 Black 

3200 Brown 

630 


Tarry 
Tarry 
Tarry 
Tarry 
1000 Tarry 
4404 Tarry 
900 Tarry 
2600 Tarry 
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PART V 
Heated Sludge Digesters 


Of the various methods for the digestion 
of sewage solids, none affords such precise 
control as that provided by heated digesters. 
Engineers strive for exact regulation of 
engineering processes, so it is logical that 
the sanitary engineer has developed present- 
day separate sludge digestion to a highly 
specialized degree 


Considerations in Adopting 
Heated Digesters 


Plant Location 


12 illustrates why heated 
field of useful 


A study of Fig 
digesters have such a wide 
ness in modern sewage treatment. In spite 
of the nearness of houses, no odor com 

‘aints during 16 years of operation have 
ever been received by those operating this 
plant. That such plants can be built in con 
gested areas is an important advantage to 
the consulting and designing engineer taced 
with either hmited land areas or the need 
of economizing on outfall sewers by using 
a central location. Plants in built-up areas 
treating septic sewage should practice pre 
chlorination, however, to control those 
odors which emanate from the sewage itself 
and possess the power of travel 


Connected Population 


The writer has in earlier articles in this 
series suggested other types of digestion 
units for connected populations up to 5000 
Imhoff tanks, in my opinion, continue to 
compete with heated digesters up to popu- 
lation loadings of 15,000 to 20,000. Provided 
that the raw sewage solids are responsive to 
digestion, there are few treatment plants 
in the higher population range that are not 
amenable to heated sludge digestion. In the 
case of very large plants, it is argued by 
some that a large digestion volume results 
in too high an initial outlay of capital and 
that its omission avoids an additional step in 
sludge treatment, which otherwise can be 
accomplished by vacuum filtering the raw 
solids and incinerating. On the other hand 
the author has previously discussed in 
Water & Sewage Works the multitude 
of benefits derived from digestion, and re 
iterates his belief that most plants should 
enjoy its advantages.* Furthermore, the 
humus in digested sludge is sorely needed by 
many of our soils and efforts should be 
exerted to so direct its disposal to the 
practical limit . 

*This statement applies to primary and humus 
sludges, and not to the vacuum filtration of raw ac 


tivated sludge, which after heat drying frequently 
has a ready market as fertilizer 
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Fig. 20.—The New London, Conn., Plant. 


example of insulated digesters with brick jackets 


Character of the Sewage 

sewages Cannot, 
because of the 
wastes in 


solids in some 
unfortunately, be digested, 
presence of harmful industrial 
toxic or excessive quantities 


The raw 


The wastes from metal processes such as 
copper, chromium, nickel or cyanide are 
bacterial inhibitors beyond certain limiting 
quantities 

Reported limiting quantities in the litera- 
ture have varied. Copper or cyanide should 
probably not exceed 1 ppm. in the raw sew- 
age; chromium not over 25-30 ppm. in sew- 
age; nickel not much over 500 ppm. in the 
sludge, which may limit the quantity to 2 
or 3 ppm. in raw sewages. 


These materials 
tend to be cumulative in the sludge, thus 


building up to hundreds of ppm. in the di- 


gester’s contents with attending slow di- 
gestion and falling off of gas production. 


While liming of digesters coupled with 
long digestion periods will sometimes permit 
a fair degree of digestion with some of these 
wastes, their exclusion or rigid control is 
imperative for satisfactory digestion. 


Formaldehyde used as a disinfectant in 
some industrial processes is also an in- 
hibitor of sludge digestion. Gilcreas recently 
reported digestion difficulties caused by 
formaldehyde following its use as a vat dis- 
infecting agent in the manufacture of peni 
cillin. 


Fibrous wastes cause a mat of thick scum 
to form in digesters. This scum resists 
digestion ; it increases in depth, thereby re- 
ducing the effective digester volume; it 
retards gas release ; it limits the supernatant 
liquor zone; it causes failure of tank me- 
chanical stirrers and often necessitates a 
periodical emptying of the digester contents 
Wool fibre and hat fur are typical of these 

wastes. In Connecticut some plants have 
satisfactorily digested raw solids containing 
these wastes in the raw sewage where fine 
screening of raw sewage is used. Such 
screens have slot openings of 1/32-inch and 
remove substantial quantities of fibre from 
the sewage flow. Special digester facilities 
for scum removal have also been provided, 
including scum stirring mechanisms and 
means for direct removal of scum by draw- 
off pipes and access manholes 


Canning and other industrial wastes af- 
fect digestion in varying degrees. Many 
wastes are bound to become a problem in 
our modern industrial age and all communi 
ties must take steps to work with industry 
in pre-treating or removing such wastes as 
ate harmful to sludge digestion, not to men- 
tion the effect certain wastes may have on 
other plant processes or on the collecting 
sewers themselves 


- 1950 


Sludge Gas Utilization 

The utilization of the gas produced by 
sludge digestion, coupled with the utiliza 
tion of the digested sludge as a soil con 
ditioner, undoubtedly has more popular 
appeal than any other phase of sewage 
treatment. Probably the first use of sludge 
gas was in 1895, when Mr. Cameron, Bor- 
ough Engineer of Exeter, England, used it 
in a street lamp for lighting. The many 
uses for sludge gas at heated sludge diges 
tion plants argues well for the use of the 
process. Such uses include: 

1. Heating of digesters. 

2. Heating treatment buildings. 

3. Laboratory use. 

4. Operating gas engines, which in turn 
are coupled to sewage pumps, air blowers 
or electric generators. 

Source in whole or part for incineration 
or drying of sewage screenings or sludge 

Gas refrigeration. 

Lighting. 

Motor fuel in trucks. (For this purpose 
the gas is compressed to about 5,000 Ibs 
per sq. in pressure. About 10 cu. ft. of 
gas will drive the average truck one mile, 
hence 170 cu. ft. is equal to about one 
gallon of gasoline.) 

The major uses in this country are for 
heating of digesters and buildings and as 
fuel for gas engines. Now that dual-fuel 
engines have been developed which will 
operate with either sludge gas and fuel oil 
or sludge gas and gasoline, the use of such 
engines can be expected to increase at the 
smaller digestion plants (connected popula- 
tions of 25,000 to 50, ). 


Operating Personnel 

The qualifications of operators for plants 
employing separate sludge digestion with 
gas collection have been detailed by the 
Operators’ Qualifications Committee of the 
Federation of Sewage Works Associa- 
tions”. Plants of this type serving com- 
munities of moderate size (5000 to 25,000 
persons) can be capably operated by men 
having previous mechanical experience such 
as mechanics, plumbers, electricians or fac- 
tory foremen. While the men themselves 
may feel lacking in the necessary chemical 
and sanitary knowledge to successfully 
operate such a plant, the writer’s experience 
has clearly indicated that these men can be 
readily trained for the necessary laboratory 
work and in the theory of the plant’s pro 
cesses. Such men are to be preferred for 
the smaller commitnities, since they have 
the * ‘know-how” for “ keeping the wheels 
moving.” With instruction by local tech 
nical personnel, consulting sanitary engi 
neers, or state supervising agencies, such 
men, if possessed with a reasonable amount 





% schooling, initiative and tact, make 


cellent operators 


Summary of Influencing Factors 
and Considerations 
1. A central plant site can be 
tively near 
2. Connected populations of 5000 
times less) and up can be served 
the advantages that are 
tion 
The must not 
wastes harmful to the 
4. Sludge utilization 
The chief operator must be mechanically 
reasonable amount ot 
equivalent to high 
school graduation), and initiative 
ability to handle men. Large plants 
harge of technically 
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gained by diges 
sewage contain industrial 
digestive pre 
can be 


CESS 
gas practiced 
have a 
schooling (at 


trained, 
least 
show 
al d 
should be in « trained 


personnel 


Deciding Type of Layout 

designer of heated digesters is faced 
dilemma at the start: “What typ 
select Among the 


| ne 
with a 
of layout 
choices are: 
1. To provide but one, or 
digester at smail plants 
fo use rectangular or circular 
with or without stirring of the 
contents. The stirring equipment may h« 
slow or high speed and may be accom 
plished by mechanical devices within the 
digester or by recirculating pumps lo 
outside the digester 
the system im parallel or s« 
two-stage digestiot 
floating covers 


condary 


shall be 


more than one 
tanks, 
tank's 


cated 
re operat 
single or 
lo turnish 


ries (ie 
fixed covers 
‘ holder covers, 

tanks, or a combination 
To heat all tanks or only the 
units here ts 
heating methods 


open top s¢ 
primar 


a wide choice 


aiso 


General comments on these lay-outs fol 


low 


How Many Tanks? 


Limited construction 
plants often require the use of a single 
digester. However, two tanks are desirable 
for flexibility in operation and for continu 
of digestion whenever one tank may 
need repairs or emptying. When existing 
septic and Imhoff tank plants are converted 
to separate-sludge digestion type plants, ar 
and very workable scheme 
Connecticut plants has been te 


funds for small 


ance 


economical usec 


| 
at several 


heated digester wit! iperiat 


provide ot 


Fig. 2 





—Example of W ell Laid-Out Modern Gas System 


Note meters, flame wate, pressure regulator, pressure gage, condensate traps 


ilso shown 


is part of the hot water circulating system to digester 


ant overflow and/or digested sludge stor- 
age in the old septic or Imhoff tanks. Such 
tanks have yielded overflow liquor of excel- 
lent quality, operated without nuisance, and 
provided a storage space for sludge during 
the winter or other periods when sludge 
drying facilities were not available. Old 
tanks used in this manner should be covered 
with treated wooden planking or perferably 
precast slabs 


money 


conrete 


saving arrangement for 
is the use of an open top cir- 
cular secondary digester adjacent to the 
heated tank. The top of open tanks should 
be 12 or more feet above grade, or they may 
be located on a slope above surrounding 
structures, to dissipate any local odors 
When properly operated and adequately de- 
signed, such tanks emit no odors of a travel- 
ling nature, serve as sludge storage basins 
during northern winters and discharge over 
flow liquor of good quality*. The scum in 
such tanks is readily accessible for break 
ing up or withdrawal when required 


Another 
some plants 


Ww 





Fig. 21.— 


The Compact Plant of Norwich, Conn. 


The operating building being built against the wall of the digester, provides an economical 
digester operating gallery. 


W. 


When only one digester is built, a flexible 
piping arrangement that allows for emer 
gency sludge storage in one or more set 
tling tanks is suggested and may prove very 
useful 


What Type Tank? 

Although the circular tank the ad 
vantage of greater depth for sludge and 
supernatant separation, the writer has ob 
served very Satistactory results from heated 
rectangular digesters, equipped with chain 
drive slow stirring mechanisms. The de 
signer’s choice is sometimes dictated by the 
pattern of the land at the construction site 
tanks equipped with fixed 
overflow liquor take-off should be provided 
with a take-off having at least two and 
preferably more overflow elevations. One 
should be about 3 feet below the maxi 
mum water surface; the other about 6 feet 
below. Such a design permits the draw 
ing of supernatant from the zone of great 
est clarity. The top action in a slow me 
chanically-stirred rectangular digester has 
been observed by the writer to soften and 
sink the scum or to concentrate it in mod 
erate depths at the raw sludge inlet end, 
which is at the opposite end from the super 
natant draw-off manhole. Here can be 
located large rectangular manholes from 
which, if required, the scum can be removed 
manually or mechanically. The bottom stir 
ring action of the mechanism also aids in 
uniform gas production and in moving any 
grit in the sludge to the sludge withdrawal 
hopper, thus preventing its build up on the 
tank bottom with resulting decrease in avail- 
able digestion tank volume. Circular tanks 
equipped with slow stirring scum and sludge 
mechanisms have similar advantages except 
that the scum layer is not so effectively 
separated from the point of overflow. 


has 


Rectangular 


It is significant that slow stirring mechan- 
isms for beth circular and rectangular di- 


gesters, so commonly installed in the '20's 


and early 30's, have produced in many plants 


a well- digested heavy sludge, effective con- 


trol of scum, and automatic grit removal 


In contrast floating covers and rapid me- 
chanical stirrers have failed in many cases 
to prevent scum build-up and of course do 
not gravitate heavy bottom solids to the 
sludge draw-off piping 
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Fig. 23.—Section of a Digestion 


Operating and Control Gallery 


Tank 


Vote digester contents sampling and super 
natant sone finding lines, and sampling sink 
n lett. On right is the battery of super 
natant draw-off valves and lines, the upper 
valves beimg operated by chain pull 


Recirculation of supernatant over the 
scum layer and modifications in high speed 
stirring devices are now proposed for scum 
control. The latter is in the testing stage 
while installations of the former have been 
made. Both need demonstration and oper 
ating results at sizable municipal installa 
tions. Let us hope these results will be 
favorable because both methods will per 
mit maintenance of the equipment from out 
side the digester. The slow-stirring type 
of scum and sludge equipment, as good as 
it is, does require emptying of the digester 
for major repairs, with attending incon- 
venience and occupational hazard. Adjust 
ment of chains, mechanical wear, corrosion 
painting and other repair work generally 
requires that slow stirring equipment be 
inspected every 3 to 5 years. With luck some 
plants have gone longer. Maintenance costs 
and the initial cost of slow-stirring equip 
ment have predisposed many designers 
against this type of tank 
Regardless of whether or not 
circulation or stirring equipment is 
vided, some positive means fer scum con 
trol Such 


means can be furnished without mechanical 
aids, although such aids, if effective. are 
much to be preferred. Some concrete sue 
gestions for solving this problem will be 
given later 


tank re 
pro 


is needed for heated digesters 


Paral'el or Series Operation? 

In the early days of separate sludge 
digestion, parallel operation, in which all 
digesters received about equal loadings of 
raw sludge, was generally practiced. About 
1934, series or two-stage divestion bewan 
to be commonly employed. Three-stace 
digestion has also been used in some in 
stances 

Parallel operation assures dailv feeding of 
the bacteria and micro-organisms in di 
gesters, thus aiding in maintaining an equal 
and steady flow of sludge gas from all 
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rested and 


Series 


units. Foaming tanks can lx 
operation ts somewhat simpler 
operation concentrates the scum problem in 
tie primary tank ; the secondary tank sludge 
can be concentrated, and thereby may con 
tain a higher percentage of dry solids; but 
most significant is the reduced solids in the 
overflow liquor. The better quality of sec 
ondary tank overflow usually secured from 
series operation results from a cooler tank 
lower rate of gas production, easier con 
trol of the solids loading, and scum 
accumulation. Many designers provide the 
benefits of both methods of operation by 
installing a flexible piping arrangement 
which permits use of either parallel or 
series operation. While there is a slight 
trend back to parallel operation at present, 
the writer believes a flexible layout is again 
highly desirable two or more 
digesters are built 


less 


whenever 


What Type Cover? 

All types of tank covers work satisfac 
torily. From the safety standpoint fixed 
cover tanks must be kept full to the point 
of overflow. This may be accomplished in 
two-stage operation, by use of a gas holder 
riding on the gas system and filling any void 
created by drawing bottom sludge, or by a 
float-controlled device that will admit either 
plant effluent, or a water supply not cross 
connected with a potable supply, whenever 
the digester level drops. Some of the older 
fixed cover tanks, of which many still exist 
lack such positive means of preventing ex- 
plosion hazard, and dependence must then 
be placed on carefully executed operating 
pre cedures 

Floating covers, within their limits of 
travel, are not only safe, but permit draw 
ing of supernatant liquor following quies 
cent periods between raw sludge pumpings 
or digested sludge removals. The gas- 
holder type of cover is commonly used on 
secondary tanks with series operation, but 
be readily adapted to single digester 
operation. They are useful at small plants 
for storage of peak gas yields which can 
then be burned at night when gas produc- 
tion is frequently low. Such covers are also 
useful at plants needing auxiliary heat for 
mecmerators, or tor continuous gas engine 
operation. In addition, separate gas storage 
tanks of either cylindrical or spherical 
shape (see figures 15 and 16) are used at 
the larger plants 


can 


How To Heat? 

digestion 
heated 
however, it is 


usually the primary 
tank Fven in northern 
climates, not unusual for 
properly insulated secondary tanks to main 


In series 


only is 





Fig. 
ls equipped with five manholes for access to scum, only four of these showing however 
Note the heavy manhole lid shown at close range in Fig. 19 


1950 


24.—A Digester with Fixed Cover. 


tain temperatures of 70° F. or better tron 
the heated transfer liquor. Again in the in 
terest of tlexibility, there is a tendency today 
to provide means for heating both primary 
and secondary tanks 

Heating methods include hot water coils 
around digester peripheries ; removable hot 
water coils hung near the center of di 
gesters; hot water coils enclosed in_ the 
digester walls; Keefer’'s Kemp submerged 
gas burner’; live steam heating of raw 
sludge ; direct addition of live steam or hot 
water to the tank contents, and heat ex 
change units located outside of digesters 
and through which raw sludge and tank 
supernatant are heated and recirculated by 
means of a pump. Miles, Rudolfs, Rawn, 
Bacon and Ludwig have recently discussed 
the subject in detail."* 

The great majority of 
today are provided with interior hot water 
coils. The writer has observed good results 
with peripheral hot water coils, as well as 
with coils hung near the tank centers. By 
proper control of the in-going water tem 
perature some plants have experienced cor 
tinuous use of such coils for periods of 15 
years and more. Some tanks have yet to be 
emptied for repairs or coil scraping. Many 
tanks have been heated for 10 years by 
this method and the coils are still producing 
satisfactory results. 

The most positive assurance that 
ingoing temperatures are not being exceeded 
is to provide a recording temperature ther 
mometer for each water heating circuit. A 
24-hour chart on which is plotted the in 
going and return water temperatures gives 
the operator a permanent record for re 
view, and from which he can make any 
necessary control adjustments. In addition 
such recording thermometers show by the 
temperature differential between the “ 
and the “out” water, how effectively the 
coils are transferring the heat from the 
water to the digester contents. As the coils 
become incrustated, the differential becomes 
less and the need for coil scraping will be 
come apparent Funds might rather be 
spent for hot water temperature recorders 
than on the temperature of the digester’s 
sludge, which varies but slightly in a single 
day under usual conditions. Dial ther 
mometers, which are read several times 
daily, will suffice for sludge temperature 
readings at most plants 

\ word about periphery coil location. In 
many early designs the coils were placed too 
near the tank bottom. The active zone of 
digestion should be heated: not the dead 
sludge. This suggests a coil position start 
ing about one-third the tank depth from the 
hottom and extending to about the mid 


digesters in use 


Sale 











point of the tank. In Hartford, Wurts 
placed three sets of coi tanks, one 
near the top, one at the center, and one 
near the bottom. Hot water can be ad 
mitted to one or all sets. This permits heat 
ing of scum in winter, as well as providing 
a wide range of tank without 
the temperature of the ingoing 
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Phe 
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should prove more 
within the tanks 
with ene of 
installations reports g 
out that a 
poor overflow 
the tank contents by the 
method for long 
in northern climates) creates this 
problem. A secondary tank or other means 
for liquor settlement or treatment 
the obvious answer to this difficulty 
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hoth for 


method of 
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Regardless of 
digesters, a stand-by 
sludge gas should be availabl 
starting up of the plant and for 
or emergency fuel needs. Fuel oil 
manufactured gas have all 
Connecticut with satisfactory results 
line is another stand-by fuel where 
fueled gas engines are employed 
culation of the jacketed hot 
buildings and digesters 

Manufactured gas and 
automatically mixed and burned in one 
boiler at two Connecticut plants. Where 
gas production is ample for winter heat 
ing of tanks and buildings, a boiler equipped 
for burning either sludge gas or fuel oil 
permits continuous heating if the gas supply 
fails. Fig. 18 illustrates such an arrange 
ment For small plants, producing in 
sufficient gas for winter demands, two boil 
one on sludge gas and one on fuel 
oil or coal, operated in series, make use of 
all sludge gas produced and are therefore 
economical in operation. Fig. 17 illustrates 
the method 
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Features of Design 


\ digestion tank ts like a railroad sta 
tion—something is continually arriving o 
departing. Digesters might be considered 
as the “social hub” of a sewage plant, re 
ceiving raw solids (mixed company in 
deed), displacing liquor, producing gas, 
liquefying colloidal matter, breaking down 
the volatile solids to fixed solids, and con 
centrating digested solids for removal. Is it 


Modern 


Fig. 26 


{n operatu 


Two-Stage 
galler) 


unheated 


worked digesters 
foam sick looking (and 
times sick smelling) sludge or 
like supernatant liquor 


spout 


Some 


wonder 
discharge 


any over 
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Required Capacity 
What is an overworked digester? Opin 
ions vary, but most designers and operators 
agree that past capacity allowances need 
liberalizing. A reluctance to raise digester 
capacities stems from a desire to hold down 
plant costs. Such economy may be short 
sighted, however, when nuisance or operat 
ing difficulties result. The capacities given 
herewith are based on the cu. ft. of liquid 
volume per equivalent capita served. Equiv 
alent per capita allowances embrace the 
load contributed by industrial wastes as well 
> actual connected population. Unless 
the sewage to be treated is unusually strong 
or has other abnormal characteristics, per 
capita allowances appear to be a sound 
basis for design. The dependability of such 
allowances leans heavily, however, on the 
accuracy of population estimates and a 
careful survey of the character and quantity 
of industrial wastes to be handled 
Rankin"? has recently suggested that the 
volume of digesters might be based on the 
volume of raw sludge input and its deten 
tion in the digester. These factors he finds 
are based on a study of annual reports of 
operation at existing plants, and bear a 
close relation to tank performance as meas 
ured by volatile matter reduction. He ob 
serves that digesters having detention peri 
ods of less than 30 days experience super 
natant trouble, while those with 60 days or 
more detention seem to have no troubles 








Fig. 25 —Typical Separate Sludge Digestion Plant—Putnam, Conn. 
Heated digester with floating cover and protected by earth embankment 


W. 


Digestion Plant 
separates a heated fixed-cover primary digestion tank. and 


»pen top secondary digester 


Torrington, Conn 


Between these periods the data are in 
conclusive This basis for design would 
appear to warrant careful study, but without 
supporting operating data the volume of 
raw sludge to be handled may vary 
siderably from estimates, thus making the 
required digester volume a difficult ce 
cision in designing new plants 


Suggested Capacity Allowances in Digesters 
for Connected Equivalent Population 


Cubic Feet per Capita 
Minimum Preferable 
2.5 to 3.0 
3.0 to 3.5 


con 


Type of Sludge 
Primary 2.0 
Primary and humus 2.5 
Primary and 


activated sludge 4.0 5.0 


Allowances appreciably below the mini 
mum figures of the table will usually result 
in one or more operating difficulties 


Control Galleries 

The first digestion tanks were often built 
with either the control valves and connect- 
ing piping buried in the ground near the 
tanks, or located in a deep chamber ad 
jacent to the tank. Being accessible only 
through a standard manhole with cramped 
interior quarters, these chambers created 
an occupational hazard. Control galleries 
at or near grade level, built between and 
adjacent to the tanks, furnished ideal hous- 
ing for these valves and pipes, as well as 
for sampling sinks, sludge temperature 
thermometers, recirculating pumps, sludge 
pumps, gas compressors, and a portion of 
the sludge gas safety devices—in particular 
the main gas meter, waste gas meter, flame 
trap and pressure regulator for the waste 
gas line and the condensate traps. 

Control galleries should be well ventilat 
ed by natural draft or mechanical exhaust 
or both. Non-sparking motors, explosion- 
proof switches, wiring and lighting fixtures 
should be specified. The design should con 
form with the requirements of Article 32 ot 
the National Electric Code for Class A 
hazardous locations. 

Sampling Sink 

\ sampling sink in the control gallery en- 
ables an operator to obtain samples from 
various levels in the digesters with a mini- 
mum of effort, and independent of outside 
weather conditions—(see Fig. 23). They 
also provide, as has been previously men- 
tioned, a convenient and inexpensive means 
for the slow return of supernatant over- 
flow liquor to the raw sewage. Soundings 
made with sludge samplers or pitcher 
pumps from manholes in the covers of di- 
gesters involve laborious and messy work 

The sink should be at least 18 inches deep, 
ample in area, and furnished with water or 
ef2ent under pressure for back-flushing 
clogged sampling pipes and for rinsing. No 
cross-connections between such flushing 

(Continued on page R-162) 
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THE JEFFREY MANUFACTURING COMPANY 


ESTABLISHED 1877 
996 North Fourth Street, Columbus 16, Ohio 


BALTIMORE 2. Munsey DENVER 7, Ernest & Cranmer Bidg MILWAUKEE 2, 735 N. Water Street 


Bid 
BIRMINGHAM 3 et Third ton, N. DETRON 3, 5808 St. Jean Ave. NEW YORK 7, ” Church Street 
N Street PHILADELPHIA Broad | a Station Bidg. 


N. 
HOUSTON 2, TEXAS. City National Bank Building PITTSBURGH 22 oliver 
HUNTINGTON 19, W.VA SALT LAKE CITY |, 10! w Fond South St 
Carew T Guaranty Bank building ST. LOUIS, Railway Exchange Bidg. 
CLEVELAND 17, Rockefeller | Bidg. JACKSONVILLE 2, Bernat? Bank Building SCRANTON 3, 122 Adams ome 


deffrey Mig. Co., Ltd., of Canada: Head Office, Montreal; Branch Offices, Toronto, Hamilton, Calgary, Vancouver 





A complete line of equipment for 
Water, Sewage and Industrial 
Waste Treatment as well as Bio- 
filtration Systems for Purification 
of Sewage and Concentrated Or- 
ganic Wastes: Bar Screens, Grit 
Washers (patented), Grit and 
Sludge Collectors (patented), 
FLOCTROLS (R) (slow-mixing 
equipment) (patented), Sludge 
Elevators, Screenings and Garb- 
age Grinders (patented), Con- 
veyors, Chains, and Bearings. 


View at ri shows « 16 MGD Water 
Treatment for the Fall Creek Plant 
of the Indianapolis Water Company, indi- 
dianepolis, ind. which is com completely 
equipped with Jeffrey FLOCTROLS and 
Sludge Collectors. 
Plant extensions which will double the ca- 
pacity of this plant are now being supplied 
eit Jeffrey Equipment 


View at left shows two Jeffrey FLOCTROLS 
(R) in Water Treatment Plant at Fairmount, 
West Virginia. 


Jeffrey Manufacturing Company 
Ohio, is prepared to gr 
censes to all ultimate 
reasonable royalty obtal 
cation, under any 
2,237,172 — 2,266,097 — 2,268,461 — 2,291,121 
2,291 641 — 2,324,637. 
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Jeffrey Mechanically Cleaned 
Bar Screen 

View at left shows a Jeffrey back-cleaned 

type of screen at the Dayton, Ohio, Sewage 

Treatment Plant. 

Based on a new principle of design this type 

of Jeffrey Mechanically Cleaned Coarse Bar 

Screen is practically fool-proof. 

Screen Bars may be of Round or Rectangu- 

lar cross-section. 

Operation by time control is recommended 

but also can be by differential float. Pro- 

vision is made for continuous operation if 

desired. 


Jeffrey JIGRIT Washer 


(REG. U. S. PAT. OFFICE) 


Jeffrey patented JIGRIT Washer is now built in three 

sizes ranging in capacity from one ton to fourteen tons 

per hour, offering these advantages: 

1—Removes 90% of putrescible solids. 

2—Washed grit contains no organic seeds or unsightly 
material—can be used as fill without creating a 
nuisance. 

3—Recovers practically all of the +65 mesh grit. 


Jefirey No. | JIGRIT Washer Magnified view of washed grit after passing through Jeffrey JIGRIT Washer 
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27.—Recording Instruments on Gas System 


These record gas pressures and volume 


f gas produced and volume wasted 


(Continued from page R-'59) 
water and any potable water supply should 
be made. The sampling pipes, tapped from 
the supernatant and sludge draw-off pipes 
m the digester walls, should terminate over 
the sink. The pipes should have a minimum 
diameter of 1%4-in. to reduce clogging with 
heavy scum. Wrought iron or brass pipe is 
generally used. A numbering system, color 
scheme or other identification for each sam 
ple pipe is a convenience. The pipes should 
have threaded ends for attaching a back 
flushing hose, or the back-flushing water 
can be individually valved to each sampling 
pipe behind its quick-opening sampling 
valve 

These sampling pipes are frequently taken 
off the digester supernatant and sludge 
draw-off pipes between the digester wall 
and the controlling gate valves. Samples 
are then procurable without opening and 
closing the large valves. This arrangement 
however, places the digester hydraulic head 
on the quick-opening or small gate valves 
at the sink end. Although with good work 
manship no difficulty may be experienced 
for some years, it is advisable to place a 
small gate valve on the digester side of 
these sampling lines. Then if the sink valve 
breaks or cannot be shut tight, or a com 
plete clogging of the sampling pipe has oc 
curred, the line can be closed, disassembled 
and repairs made. Taking off the sampling 
pipes beyond the large digester piping valves 
is another solution, but this requires open- 
ing of several large valves when sampling 
various levels of the tank. 


Supernatant Draw-Ofts 

Every digester should be provided with 
at least two supernatant overflow liquor 
levels and preferably three or four. One 
leading sanitary engineering firm designs 
its digesters with decanting pipes practically 
the entire depth of the tanks at intervals of 
2 to 3 feet. A waste of money? Not if vou 
have a supernatant or scum problem! Sec 
ondary digesters connected for series_over 
ation are an exception, although even these 
should have two top overflows about 3 or 
4 feet apart in case of scum clogging. Both 
supernatant and sludge piping from di 
gesters should be not less than 8-in. in 
diameter. Valves not accessible from the 
control gallery floor can be operated by a 
wheel-and-chain mechanism— (see Fig. 23) 

In recent years a patented device for 
drawing off and selecting the best supernat 
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ant liquor has Deen developed. By its use, 
conventional supernatant draw-offs are con 
sidered unnecessary, but the device needs 
further demonstration at sizeable municipal 
installations. In any event, several conven 
tional draw-off pipes are still desirable for 
the removal of scum, as further 
on 


discussed 


Disposal of Supernatant 

Although the volume of overflow liquor 
in the averge separate sludge digestion type 
plant is only 0.2 to 0.3 percent of the total 
sewage flow, and will run around 2000 gal 
lons per million gallons of sewage treated 
(this provides no allowance for sludge 
pumping s from secondary treatment pro 
cesses), even such a moderate return to the 
raw sewage flow at the smaller treatment 
plants is frequently a major operating prob 
because of the reduced dilution af- 
the instant hourly flow at these 


lem, 
forded by 
plants 

Erickson™ in an excellent paper on 
“Treatment and Disposal of Digestion Tank 
Supernatant Liquor” presented by Langford 
before the New England Sewage Works 
Association stated in this connection 

“Despite the exercising of care by plant 





operators to draw off only the best liquor, 

it is usually still high in solids, great in 

volume and it imposes a heavy B.O.D 

and solids load on the portion of the plant 

to which it is returned. Due to its high 

B.O.D. and solids content and probably 

to the specific nature of its bacterial flora 

supernatant liquor has a tendency to cause 
disturbance of the primary settling tanks 

This causes a sludge of higher moisture 

content to be transferred to the digester 

and results in a greater volume of super 
natant liquor to be returned. Thus a seli 
pyramiding cycle is set up.” 

In addition to these remarks 
be pointed out that digester overflow liquor 
has a high chlorine demand, which requires 
an increase in the chlorine dose for satis 
factory sewage disinfectiton, odor control 
and other chlorination processes. 

For these reasons it is desirable, particu 
larly at small and moderate sized plants, to 
provide in the design for one or more 
alternate methods of supernatant disposal 
Suggestions follow : 

1. Return to the raw sewage is the com 
monest method of handling. The liquor 
should be returned at a slow rate to all of 
the sewage flow to obtain maximum dilu 
tion. Return rates should be kept low by 
providing means for drawing supernatant 
through small sampling sink draw-off valves 
instead of the large valves on the digester 
supernatant piping. This method of re 
moval is also suggested for unheated sep- 
arate digesters. At least one manufacturer 
has a rate control device for slow and con 
stant rate withdrawal of supernatant 

2. Discharge to the sludge drying beds 
or lagoons with subsequent filtering. By 
proper operation this is a very practical 
method of handling supernatant liquor at 
small plants. Odors can be controlled 

3. Pre-settling in abandoned septic or 
Imhoff tanks in re-built plants (see com 
ments under “How Many Tanks” above) or 
in special settling tanks. After pre-settling, 
the effluent should be returned to the raw 
sewage. 

4. Patented treatment processes such as 
atomized aeration and settling. 

The writer having had no experience with 
the last named installations is unable to re 
port on them at this time. 


Tank Cover Manholes 

In addition to the usual small 6-in. man 
hole covers over sounding entrances for 
scum or sludge or for temperature readings 
and the inspection manholes for heat ex 


it should 


Fig. 28—A Modern Sludge Pumping Unit 


On right is the sludge sampling device on the discharge side of pump 
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types of mechanism 

Some engineers have installed elaborate 
piping lay-outs under the of fixed 
cover digesters for scum control. Supernat 
ant is pumped with a recirculating pump to 
nozzles in this piping. From these nozzles 
the heated supernatant under high pressure 
the scum, softening and 
If properly designed and regu 
the operator, scum build-up 
should be effectively prevented 

Until the newer 
proven, the writer 
on digester 


roof 


is sprayed over 
sinking it 
url 


used by 


controls tried and 
suggests more manholes 
Then if scum does ac 
cumulate, it can be broken up with water 
or sewage or supernatant under pressure 
through the four manholes described above 
The scum can then be drawn off to vacuum 


are 


covers 


filters or sludge beds in a fluid condition 
the flexible 
recommended 


supernatant draw-off 
The 
has seen as much as 5 feet per day of heavy 
scum removed from digesters by this 
method. Granted, the method will not pre 


through 


piping already writer 


Fig. 29.—Portable U-Gage 
For Measuring Gas Pressures 
This one is in use at Milford, Conn 


Fig. 30.—Open-top Unheated Sec 
With 


dors 


scum 9 inches thick 


ndar y 


but soft and black 
In reality it is floating digested sludge, beneath which is good quality supernatant 


Digesters at Torrington, Conn 


there have never been any objectionable 


liquor. 


vent a scum build-up, but if a scum accumu 
lation defies settling by heating or other 
means, this method affords a sure means of 
removal. The manholes normally furnished 
with prefabricated digester covers will prove 
insufhcient in number for scum removal by 
this method 

A unique type of manhole cover is pic- 
tured in Fig. 19. This cover, weighing about 
400 pounds, sets on a gasketed rim without 
fasteners and its weight is depended upon 
to prevent the escape of gas. It is easily 
removed by inserting an iron bar through 
the manhole cover rings, and lifting it to 
one side by leverage action. Such manholes 
are also a safety precaution as undue pres 
sures caused by gas pipe stoppages, closing 
of supernatant valves, etc. will be relieved 
at the manholes rather than causing struc 
tural damage to the cover, the flooding of 
gas pipes with liquor, or other harm. The 
manhole illustrated is one of a number in 
stalled at Torrington, Conn 


Importance of Tank Insulation 
For Northern Climates 


Many of the early digesters were poorly 
insulated. High ground water around a 
digester, as well as poorly contructed walls 
and covers, will cause heat losses 

To avoid ground water the tank can 
sometimes be built mostly above ground, a 
dry location can be sought, or drainage tile 
employed. Earth embankments around di- 
gester walls are not too efficient insulators, 
tend to settle, and are hard to keep attrac- 
tive. For operators who tire of attempts to 
maintain trimmed grass on such embank 
ments, the planting of honeysuckle is sug- 
gested. This grows easily, makes a dense 
cover, ordinarily requires no spraying 
pruning or special maintenance, and yet 
holds the earth and looks fairly presentable 

Figure 20 shows two digesters built with 
insulated brick walls to retain the tank’s 
heat. Various wall materials are being used 
in the newer tanks, including brick, con- 
crete, or stucco over hollow blocks or tile 
and with insulation provided by air spaces, 
rock wool, aluminum foil or other suitable 
materials. 

Tank covers also need better insulating 
Winter readings made by the writer with a 
maximum recording thermometer have 
shown differences of 10° to over 20° 
between the sludge zone and scum zone in 
many tanks. Much heat loss was apparently 
occurring through the tank covers. Cold 
scum digests slowly and this fact is un 


W 


doubtedly a factor in its more rapid build 
up in winter 


Gas Collecting System 

The recommendations of the Sewagi 
Works Federation’s Committee on “Occ 
pational Hazards in the Operation of Se 
age Works” should be followed. In par 
ticular a minimum diameter of 2 in. fo 
gas piping should be adopted, and all pipe 
should be laid on a good foundatiton, pr« 
tected from freezing, and pitched to ap 
proved condensate traps. Do not use home 
of the 
The gas piping appurtenanc 


made traps or any so-called aute 
matic types 
(gas meters, pressure regulators, conden 
sate traps, and sometimes the flame traps 
should be grouped together in a well ven 
tilated explosion-protected structure such ai 
a digestion tank control gallery or separat 
room with outside entrance only. All unit 
except flame traps should have by-passes 
Fig. 22 shows a well planned lay-out. 

Waste gas burners should be safely lo 
cated. Prefabricated digester covers ar 
equipped with pressure and vacuum relief 
Locally designed and built covers should 
likewise equipped. Explosions are still oc 
curing from U-tube water-seal type tra 
on gas lines. These are not safe and shoul 
never be used. Vents from any part of the 
gas system to atmosphere should never be 
permitted to terminate within a confined 
Even the atmospheric diaphragm 
vent on boiler pressure regulating valves 
should be vented to outdoors. As a word 
of caution, such diaphragms have been found 
to crack with age 

Designing engineers have a responsnbil- 
ity to provide detailed drawings of gas lay- 
outs for the guidance of the artisans, and not 
depend on the judgment of local workmen 
in the important matter of making correct 
gas piping hook-ups 


space 


PART VI 
Operation of Heated Sludge Digesters 
In this Part VI the following topics will 
be discussed : 


1. Liming of digesters 

2. Starting new tanks. 

3. Operating an established digester. 
4. Controlling scum 
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Fig. 31. 


Portion of a Modern Separate Sludge Digestion Tank Plant. 


(Note nearness of houses.) 


5. Handling of supernatant overflow 


>atety precautions 

[he reader is referred to any of the nu 
nerous pamphlets or books describing the 
details of the digestion tank operation. The 
wesent discussion is limited to those phases 
operation that the writer's experience 
has shown to be of particular importance 


Liming of Digesters 

Liming of septic tanks, Imhoff tanks and 
unheated separate digesters has already been 
suggested in previous articles of this series 
for certain operating conditions. It is also 
suggested under certain conditions for 
heated digesters. In the light of recent re 
search this may be considered unsound, and 
recommend 
undoubted] 
in the past 
lime has re 


gone so far as to 
against all liming. Lime has 
en used too indiscriminately 
In some instances the 
duced methane production and resulted in 
umping of lime in tank bottoms, not to 
mention the expense and the work involved 
in its application. Checks with and without 
lime additions are now in progress at sev 
eral Connecticut plants where an apparent 
for liming has been indicated in the 


some have 


} 


use of 


need 
past 

Regardless of the good and the bad of 
liming, the writer still recommentis lime 
for overloaded digesters (including Imhoff 
tanks), and for starting up digesters with 
ut seed, because the method has aided in 
preventing foaming and avoiding nuisance 
at numerous plants over a period of nearly 
20 years. Reports of foaming tanks, odor 
ous sludge and poor overflow liquor ars 
not infrequent at plants starting under full 
load without lime. If the digesters can be 
fed raw sludge gradually until seeding ma 
terial is built up and are not subsequently 
overloaded, lime may well be omitted. The 
latter procedure is, however, not always 
practical nor possible 


Starting New Tanks 

Efforts to seed digesters at new plants 
with ripe sludge have not usually been suc 
cessful because of an insufficient volume of 
ripe sludge. It will rarely prove economical 
to haul the large quantity of digested sludge 
required for starting the average-sized di 
gester, because such quantity should be not 
less than 20 per cent by volume of the 
digester’s capacity 

In 1933 the writer reported on a method" 
of starting digestion tanks, which avoids 
foaming, controls odors, and produces both 
seed sludge and burnable sludge gas within 
REFERENCE & DATA 
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30 days. This method has been used repeat 


edly with consistent results 

The method in brief: 

1. Fill the digester to the overflow level 
with sewage (in the case of a floating cover 
digester, until the cover rises) before add- 
sludge. The slow filling of new 
(empty or partially filled) digesters with 
raw sludge is an occupational hazard of 
the first order, because of the possibility of 
sludge gas and air forming an explosive 
mixture, and should never be practiced. In 
other respects slow filling would have much 
foul overflow liquor 
becomes more con 
raw and seeded 


ing any 


there is no 
problem, the sludge 
centrated, and mixing of 
solids is easily accomplished 

2. Heat the tank contents to at least 80 
I This temperature rise is attained before 
Maintain a temperature 
for the first thirty days, 
temperature to between 
ior tuture oper- 


merit, as 


adding raw sludge 
around 80 to 85° F 
then increase the 
95 and 100° F., if possible 
ation 

3. Add the full load of fresh raw 
solids mixed with milk of lime. If the tank 
rest periods or very light feed 
solids. liming can undoubtedly 
Most plant operators are unable 


daily 
can receive 
ines ot raw 
be omitted 


Fig. 32.—Hartiord, Conn 


to follow this procedure, because only one 
digester is available, and plant processes 
cannot be shut on and off without nuisance, 
or for other varied reasons. 

Facilities of one kind or another are 
usually available for adding milk of lime 
to the raw sludge. The primary settling 
tank skimmings-well is one convenient 
means, and at least one manufacturer's de- 
sign (with circular tanks) permits mixing 
ot raw sludge and lime at this point. Other- 
wise the lime slurry can be pumped to the 
digester with skimmings and sewage after 
pumping sludge. Another means for mixing 
lime with raw sludge, which can be cheaply 
and quickly installed by an operator of a 
small plant, is to erect a small lime feed 
tank with shut-off valve on the suction side 
of the sludge pump. If pipe sizes are ade 
quate and discharge distances relatively 
short, a fine grade of hydrated lime powder, 
such as finishing lime or spray lime, can be 
substituted for the milk of lime. Such lime 
is dumped directly into the mixing chamber 
and pumped with sewage or sludge to the 
digester. While preparing a milk of lime 
suspension involves more labor, its use will 
preclude pipe stoppages and lime pockets, 
and results in better distribution of the lime 
throughout the sludge 

If no other means for adding lime is 
available, dry lime can be mixed with the 
digester supernatant in the cover manholes, 
or preferably milk of lime can be added 
through these manholes at the top, and into 
a lower level with rain leader pipe 

4. The quantity of lime will vary at each 
plant. A moderate sized plant, say one in 
the population range of 25,000, may require 
six to eight 50-Ib. bags of lime daily at the 
start. This will taper off after 2 or 3 weeks 
until none is required. The important thing 
is to maintain the pH around 6.6 to 7.0 by 
regular lime additions. Permitting the pH 
to drop to 6.0 and lower leads to trouble 
Rudolfs at the New Jersey Experiment 
Station confirmed this many years ago in 
the laboratory; the writer has since con- 
firmed it many times in the field. It must 
be realized that a sludge of pH 6 is ten 
times more acidic than a sludge of pH 7 

5. Circulate the bottom limed sludge to 
the top or center of the tank several hours 
daily at the start. 


Digestion Makes Possible the Use of Elutriation Tanks for 


Washing Sludge. 
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For a short time the overflow li } 
gas will be vile smelling, but in about a 
month this odor will decrease, the gas will 
burn, black digested sludge will begin to 
build up, and the starting headaches of 
many an operator will be avoided 


Operating an Established Digester 
l Add 


frequently 


concentrated fresh raw solids 
Do not permit primary sludge 
to become septic. Fresh solids have 
effect on the total alkalinity balance in 
digesters. Regular frequent feedings of the 
bacteria and micro-organisms in the tank 
are necessary; they must be fed gradually 
and frequently if they are to thrive and do 


their work effectively 


less 


By introducing only concentrated sludge 
(whether primary, trickling filter, humus 
activated, or chemically precipitated ) 
of overflow liquor will be re 
volumes of overflow liquor 
primary settling tanks 
increase the chlorine demand of the plant 
effluent and create demands for oxygen 
Water streaks in the pumped sludge are a 
indication that it is too thin. Some plant 
operators weigh samples of the raw sludge 
m a pan balance and stop pumping opera- 
tions below a predetermined weight. Time 
clock control of the sludge pumps is a1 
other method of obtaining both concentrated 
sludge and frequent tank feedings. Fig. 28 
shows a typical plunger type pump used for 
pumping raw sludge By the use of the 
sampling device seen in this picture the 
operator of a small plant can observe the 
character of the sludge at frequent intervals 
stop pumping operations when the 

becomes thin 


waste 
the volume 
duced. Large 
add to the burden of 


and 


sludge 

2. As with Imhoff tanks, draw digested 

from heated digesters frequently aid 

in moderate amounts. This assures adequate 
seed sludge in the tanks at all times. The 
total alkalinity of the tank sludge (as de 
termined by acid titration) should be main 
tained above 2000 ppm. if possible The pH 
can safely drop to 6.6 or 6.7, although it is 
that the gas production will be 
somewhat affected Theoretically a pH 
range of 7.0 to 7.4 is considered desirable 
but this is rarely obtainable in the writer's 
experience with present-day tanks without 
lime additions, such a high range 
necessary for successful operation. If vola 
tile acids are determined, a value under 2000 
ppm. should be the aim. This test requires 
distilling equipment and a titration pro 
cedure, so that many operators of small 
plants will continue to find the pH or total 
alkalinity test easier to perform and prefer 
able. Table V shows the results of examina 
tion of a number of samples of digested 
sludge from heated digesters serving Con 
necticut communities 


sludge 


possible 


nor is 


3. In operation, normally all 
should be fed equal vol 
In series operation, all 


primary units with 


parallel 
tanks in service 
umes of raw solids 
raw sludge goes to the 











Fig. 33—Darien, Conn 


Covered Sedimentation 


Tanks 


A separate sludge digestion type plant for a modest-sised community.) 


about 75 per cent of the displaced primary 
volume taken from the top and the re 
mainder removed at intervals from the bot- 
tom to displace the heavier solids. Theoret- 
ically the daily addition of raw volatile 
solids to a digester should not exceed 3 to 
5 per cent of the volatile solids already 
present in the tank. In practice, most oper 
ators are compelled to make daily additions 
based on the raw solids accumulations from 
the treatment process units. Alkalinity, pH 
and volatile acid tests, previously mentioned, 
are operating guides to tank loadings where 
more than one digester is available 


Sludge should not be allowed to remain 
in secondary digesters for long periods of 
time, or it may become too heavy for re 
moval. Occasional recirculation of bottom 
sludge in secondary tanks, during storage 
periods or initial filling, will help avoid this 
condition. The introduction of sludge at 
the periphery of such tanks aggravates this 
condition and it is the writer's belief that 
better results are secured by discharge of 
primary tank sludge near the tank’s center 
at a point about half the tank depth or 
greater. The argument that discharge at 
the tank’s center results in removal of some 
partially digested sludge is more theoretical 
than actual. The practice of drawing sludge 
slowly, and in reasonable amounts, is of far 
greater importance in holding back undi- 
gested material 

4. Tank temperatures have been increased 
in recent years. Some digesters in Connecti 
cut have been operated at sludge tempera- 
tures of 95 to 100° F.; in others the winter 
temperature has been nearer 80 to 85° F. 
because poor tank insulation, inadequate 
heating facilities, or other factors, have 
prevented carrying higher temperatures 
Higher temperatures promote digestion of 


TABLE V 
Analyses of Composited Digested Sludges 


(Samples from Separate Heated Sludge Dig 


Fixed 
Moisture Solids, 
Sample 5 5 
46 
65 
40 


it in C 





Volatile 
Solids, Alkalinity 


(Total ppm.) 


3300 
1000 
2000 
1800 
100 
2500 
1300 
400 
900 
4400 


3000 


sludge digestion, both 
(See discussion 


scum and accelerate 
being desirable objectives 
on this point in “Sewage 
Imhoff & Fair, John Wiley 
New York, p. 196.) 

5. Sludge soundings were discussed 
the article of this series devoted to “Iml 
Tanks.” Such soundings or samplings 
equally important in the operation of hea 
digesters. If sufficient sampling taps h 
been provided by the designer with a c 
venient sink outlet (described in Part V, 
a fairly true inventory of the digester’s c 
tents can be obtained by this means. Oth 
wise some type of depth sampler, such 
was described and pictured in the sect 
on “Imhoff Tanks” should be lowe 
through manholes in the tank cover. Oj 
ators should obtain an inventory of 
ligester’s contents at intervals of one 
two months. The findings can be tabula’ 
against depth (recording depth of sc 
supernatant liquor, and sludge) or plot 
m a blueprint of the tank’s cross-secti 
Symons has discussed sludge invento 
as performed at Buffalo. Operators wor 
do well to review his procedure®. Wi 
out periodic soundings, intelligent ope 
tion of digesters is not possible; yet mai 
operators fail to make such inventories w 
the result that scum accumulations may 
come excessively deep, sludge levels 1 
grow too high, or so much sludge may 
drawn from the digester that insuffici 
remains to maintain the proper balance | 
tween digested and fresh solids input 

(Author's Note: The control of scum and 
the handling of supernatant liquor from 
established digesters will be discussed sep 
arately below.) 
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Controlling Scum 

When is scum of concern in the operation 
of digesters? First, when it becomes so 
matted and thick that it retards the escape 
of gas or overloads stirring equipment. Sec- 
ond, when it slowly but persistently in- 
creases in depth, with or without apparent 
digestion. Sometimes scum accumulations 
are the result of certain industrial wastes, 
particularly those of a greasy or fibrous 
nature. When scum, digested or undigested, 
continues to accumulate it must eventually 
be removed or the scum and sludge levels 
will meet and no supernatant liquor zone 
will remain. Most of the scum control 
measures have been discussed in previous 
articles in this series. Summarized, to 
gether with one or two additional controls, 
they include : 
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1. Use of water spray piping under tank 
covers 

2. Use of the slow stirring type of me 
chanical breaker. 

3. Hosing with water or 
liquor through the cover manholes, 
subsequent removal to vacuum filters, 
sludge drying beds, or lagoons through 
side wall supernatant overflow pipes 

4. Manual forking out of stringy or 
matted material from access manholes in the 
tank cover 

5. Fine screening of raw sewage prior 
to sedimentation if fibrous wastes entering 
the sewers are giving trouble. Pre-screen- 
ing of fibrous wastes at the offending fac- 
tory is desirable, too, with adequate super- 
Vision 

6. Better cover insulation 

7. Resting the digester, where possible. 

8 Carrying a lower sludge level may 
have some effect due to the increased length 
of travel for gas-buoyed solids to the sur- 
fac e 

It should be emphasized that if the scum 
in a digester is fairly black, soft, homogene- 
ous, has no offensive odor, and remains 
reasonably constant in depth, it should be 
considered a normal condition and need 
no concern 


supernatant 
with 


cause 


Handling of Supernatant 
Overflow Liquor 

A digester that is not overloaded and is 
properly operated will usually produce 
supernatant liquor of good quality. Analyses 
of typical digester overflow liquors are given 
in Table VI. The total solids in the aver- 
age overflow liquor should run 0.5 percent 
(5,000 ppm.) or under. A total solids con- 
tent of 0.3 percent or under constitutes good 
liquor. When the total solids exceed 1 per- 
cent, the discharge would be more rightly 
termed, dilute “sludge.” 

The suspended solids in good overflow 
liquor will run about 1,000 ppm. ; but 2,000 
ppm. is more likely to be average for many 
digesters. When the liquor has more than 
3,000 ppm. of suspended solids, it may ad- 
versely affect the settling tank effluent if re 
turned to the raw sewage 

For small plants with limited laboratory 
equipment, a settling test on overflow liquor 
may be made by the use of a graduated cyl- 
inder. The procedure and results to be ex- 
pected were described in the third article of 
this series under the heading “Unheated 
Digesters.” 

The following suggestions may prove 
helpful, when either the quality or quantity 
of digester overflow liquor is causing 
trouble 

1. Carry as low a sludge level as per- 
missible and still maintain sufficient seed 
sludge 

2. Be sure scum depths are not excessive 

ie., not more than 3 to 4 feet 

3. Try a lower digester temperature if 
the tank is a heated unit operated alone or 
in parallel with other digesters. If the 


TABLE 


piping arrangement will permit switch to 
trial series operation if parallel operation 
has been practiced with difficulty 

4. Draw supernatant more slowly 
the earlier discussion of Part V.) 

5. With floating cover tanks, draw 
liquor after a period of quiescent settling ; 
never immediately after pumping raw 
sludge, recirculating or drawing bottom 
sludge. 

6. With fixed cover tanks, decrease the 
raw sludge pump speed so that the dis 
placement of digester liquor will be at a 
lower rate 

7. If the tank has a number of su 
pernatant liquor draw-off levels (and all 
digesters should), sample the entire tank 
depth frequently to determine the best 
drawing level 

8 Revise the raw sludge pumping 
schedule so that more concentrated raw 
sludge will be discharged to the digesters 
This will greatly reduce the disturbance of 
the digester contents as well as the volume 
of overflow liquor. Visual observation of 
the character of the raw sludge and daily 
records of its volume are operators’ “musts.” 

9. With a fixed position digester over- 
flow, an improvement is often possible at 
small expense by building a wooden baffle 
or box around the discharge pipe, extended 
to a depth shown by experience to yield 
overflow liquor of good quality 


(See 


Safety Precautions 

Operators should be 
récommendations in Manual of 
No. 1 on “Occupational Hazards in 
Operation of Sewage Works.” 

The following items are a brief summa 
tian of the most important safe practices : 

1. Use a combustible-gas indicator or 
the soap solution test at regular intervals to 
check all sludge gas piping and appurte- 
nances for leaks. Leaks, although frequently 
of a minor nature, are very common in 
gas systems and if neglected may become 
serious. The odor of sludge gas cannot al- 
ways be depended upon to detect its pres- 
ence. 

2. Always keep a digester filled to the 
overflow level or, if equipped with a floating 
cover, keep the cover floating. Partially 
filled digesters constitute a serious explosion 
hazard 

3. Maintain adequate ventilation in work- 
ing galleries near sludge pumps, digesters, 
gas piping and the like. 

4. When a digester is being emptied for 
repairs or inspection, permit no workmen 
to enter the tank until the atmosphere has 
been tested for the absence of noxious gases 
or oxygen deficiency. The importance of 
oxygen deficiency has too frequently been 
overlooked when entering sumps, pits, etc. 
In general, allow no smoking or open 
flames, and guard against sparks during 
digester emptying operations. All lighting 
equipment must be of the safety gas-proof 
type and this applies to extension lights and 
flashlights. Workmen should enter the tank, 


familiar with the 
Practice 
the 
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Analyses of Overflow or Supernatant Liquors 


from feparat 





Type of Digester 


Heated, floating cover, norma! load 
Heated, fixed cover, fixed overflow 
Heated, fixed roof, rectangular 
Unheated, open top secondary tank 
Unheated, rectangular secondary tan’ 
Unheated primary, some overload 
Heated, rectangular 

Heated, floating cover 

Heated, primary 

Heated, primary 


Ca2nuQaveawne 


*This tank regularly limed 


w.& 


10.000 


Sludge Digestion Tanks in Connecticut) 


Total 
Alkalinity 
(ppm.) 


2000 


Suspended 
Solids 


z 
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2100 
1690 
3900* 
1800 
1800 
1200 
2100 


1100 
3000 
1400 
7000 
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with satety 
» on duty 


ajter testing the atmosphers 
belts attached and at least two met 
If the emptied digester still 
tests tor 


at the top 
contains some scum and sludge, 

noxious gases and oxygen deficiency should 
be repeated at intervals. 

Use of a non-sparking portable air blow 
er, set up over a manhole in the tank’s cover, 
is recommended. All manhole covers should 
be off. If noxious gases are present or an 
oxygen deficiency exists, which has not been 
corrected by ventilation, workmen should 
normally be excluded from the tank until a 
safe working atmosphere is obtained. To 
quote from the Sewage Works Federation 
Manual : 

“Work that is progressing in flammable 
gas atmospheres is extremely hazardous and 
should never be attempted except by those 
thoroughly familiar with the dangers and 
fully equipped with the proper protective 
safety equipment.’ 

Inasmuch as the Federation's Manual 
lists both the dangers that may be encoun 
tered and the proper protective equipment 
to use, the reader should consult this source 
for details. 


PART Vil 
L and Lagooning 
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A review of established methods for 
the digestion of sewage solids would be in 
complete without a consideration of sludge 
lagooning. The lagooning of digested sludge 
from Imhoff or separate sludge digestion 
tanks and, of partially-digested sludge from 
septic tanks has been successfully prac- 
ticed in Connecticut and many other states 
Lagooning of undigested sludge is not so 
common. It is discussed in some detail 
by the 1948 Committee on Sewage Disposal 
of the American Society of Civil Engineers, 
and also by Bloodgood in Water & Sewage 
Works for September, 1946 (page 344) 
The writer has had little personal experi 
ence with the digestion of raw sewage solids 
by lagooning, but in order to present all 
established methods for sludge digestion 
he is abstracting here the salient features 
of lagooning from the above mentioned 
sources. Certainly as a supplemental or 
emergency method of sludge digestion, 
lagooning under some conditions deserves 
consideration. 


When Lagooning Is Indicated 

Lagooning of sewage solids is not gen 
erally a practice to be advocated but it may 
prove under favorable conditions to be an 
economic “out” for both small and large 
plants. Lagooning has been practiced for 
years at Indianapolis, more recently at Chi 
cago and up to now at Toronto—to mention 
three large plants. Lagoons may serve as 
adjuncts to overloaded separate digesters or 
overloaded Imhoff tanks and as such are 
really “secondary open unheated digesters.” 
They are also useful for the disposal of 
sludge and scum from septic tanks at small 
plants. 


Abstracts from the 1948 
AS.C.E. Report 

“There are about 82 sludge lagoons in 
the United States. When receiving raw 
solids, a lagoon may be difficult to control 
in a Northern climate, and may give rise to 
unpleasant odors, particularly in the late 
spring, when the sludge temperature begins 
to rise above 60° F. and the sludge held 
through the winter starts to decompose. 

“When receiving digested solids, a lagoon 
becomes a storage basin and can be loaded 
over a period of years and then dried out 
and cleaned. Apparently odors should be at 
a minimum when digested sludge is used, 
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open-air unheated 
lagooning should prove adaptable 
with proper design for mixing 
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The report lists among others the follow 
receiv 


above 
separate 


cient, 


ing large cities as using lagoons for 
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TABLE VII 
Cities Lagconing Digested Sludge 

Lagoon 
Volume 
in Cu. F 
per Capita 


Estimated 

opulation 
City erved 
Akron 0,0 
Baltimor 
Chicago, West S 
Dallas, Te 
Decat Ii 
Fort W ayne, Ind 
Pontiac, Mich 
Rockford, Ill 
Schenectady, N. Y 
Trenton, J 
Waterlo 
Wichita 


lowa 


Kansas 


The 
cities 
digested 


report states that in the following 
lagoons are used to dispose of un 
sludge 


TABLE VIII 
Cities Lagooning Raw Sludge 
Lagoon 
Volume 
in Cu. Ft 
per Capita 


Estimated 

Population 
erved 

402,90 


80,006 


165,000 


alumet Plant 
Southwest Plant 


Side 20,000 


2,147.7 


00 
Toronto, 


The large populations connected to these 
plants are of interest. Details of the lagoon- 
ing operations have not been published for 
many of these plants except by Bloodgood 
for Indianapolis. Pertinent remarks from 
his article in Water Work 
follow 


Sewage 


Raw Sludge Lagooning at 
Indianapo'is 

“Lagoons have been used for 20 years 
without creating a nuisance. Although not 
a satisfactory method for sludge disposal 
for all installations, lagooning can in many 
cases meet emergencies. The smallest lagoon 
now in service about 300 by 325 feet 


is 


onn 


Tanks 


Sedimentation 


about 12 feet high with a 
walkway at the top. The sludge is distribut- 
ed to the lagoons through steel pipes laid 
three to four feet deep in the levees. No at- 
tempt has been made to return supernatant 
to the sewage plant. If the supernatant 
flows through several lagoons and finally 
into one containing practically no sludge, 
the final overflow will be entirely satisfac- 
tory for discharge into the receiving stream. 
Supernatant or sludge is drawn from one 
lagoon to another through pipes placed 
across the levees at about a depth of 3 feet. 
An underdrain system for lagoons is not 
necessary lor suc cessful operation. 

“In starting a lagoon it desirable 
to fill it with supernatant or digested sludge 
to a depth of 3 or 4 feet before any raw 
solids are added. The addition of sludge 
goes on for many months (adding sludge 
a few days at a time and then resting) until 
it is impossible to add more without the 
sludge overflowing 

“A ‘lay-by’ period for 18 months results 
in a sludge moisture content as low as 75 
per cent. During this period a portable 
pump is used to remove free water which 
accumulates at the low points in the bed. 
When the sludge ready for removal a 
motor crane with clamshell bucket and 
caterpillar treads is used 

“In operating lagoons it is necessary to 
discontinue the addition of raw solids upon 
the detection of the slightest objectionable 
odor 

“For digestion only, lagoons can digest 
at least 6 Ib. of solids per year per cu. ft. 
of capacity. This is equivalent to 0.17 = 
ft. capacity per pound of solids. If the la- 
goons are used for digestion and also as 
dewatering beds, a capacity of 0.37 to 0.40 
cu. ft. per Ib. of raw solids per year is 
sufficient, providing the air-dried sludge 
can be removed as rapidly as it is ready 
for hauling. With the above capacities a 
supernatant of good quality is possible.’ 


rhe levees are 


1s 
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General Summary of Parts | 
To Vil Inclusive 


Existing methods for the digestion of sew 
age solids include: septic tanks, Imhoff 
tanks, unheated and heated separate sludge 
digesters, and lagoons as supplemental units 

lhe selection of a given method for sludge 
digestion depends on the plant location, the 
connected population or flow, the character 
of the raw sewage, the practicability of util 
izing the sludge gas, the number and type 
i operating personnel to be provided, and 
the funds available for initial construction 
and plant maintenance 


Septic Tanks 

Given a fairly isolated site, these tanks 
will treat connected populations up to 1500 
persons economically, both in first cost and 
maintenance. When designed and operated 
in accordance with the suggestions in Part I, 
septic tanks will produce effluents compar- 
able with plain sedimentation units and 
the sludge and scum deposited in them can 
be dried and disposed of without serious 
nuisance. They require a minimum of oper- 
ating attention and circumvent the head- 
aches of over-mechanization in small plants. 
A return to a sensible evaluation of the 
septic tank is suggested 


Imhoff Tanks 
Relatively isolated plant sites are ag 
a requirement. Imhoff tanks best serve o 
nected populations of 500 to 15,000 
20,000 with a narrower range of 1500 
5000 offering special advantages. Altho' 
regular operating attention is required, 
skilled labor generally suffices. Mod 
design should emphasize higher sludge st 
age capacities, sufficient depth of tan 
mechanical aids for scum and skimmit 
removal, and pre-treatment of the r 
sewage by screening and grit removal 


Unheated Separate Sludge Digesters 
Unheated digesters used alone in nor 
ern climates have their field of great 
usefulness between 1500 and 5000 pop’ 
In a southern climate they may s 
ably serve much higher population loadin, 
Used as secondary units i 
with heated digesters they 
and varied field of use. Access to sc 
and multiple decanting levels are pertin 
design requirements. With a sludge stor 
capacity equivalent to that recommen 
for Imhoff tanks, unheated digesters w 
used alone will produce comparable slu 
Unheated digesters, although requiri 
more careful operating attention than I 
hoff tanks, afford better means of contr 
of the digestion process. 


Heated Separate Sludge Digesters 

Heated digesters afford precise control 
of sludge digestion for large connected popu- 
lations, can be located in congested areas, 
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Hartford, Conn.—Industrial Railway Used for Transporting Sludge Cake. 
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and permit utilization of a valuable by- 
product, the sludge gas. The sewage solids 
must, however, be amenable to digestion and 
the operating personnel properly qualified 
Single units should be avoided, if possible. 
Positive means for scum control is needed 
One aid is the provision of at least four 
tank cover manholes with one manhole 
located over the supernatant piping. A va 
riety of satisfactory heating layouts is avail- 
able. Sludge capacities need liberalizing 
Control galleries equipped with sampling 
sinks and several supernatant draw-offs 
should be incorporated in the design. An 
alternate method for supernatant liquor dis- 
posal is desirable. Improvements in tank in- 
sulation in northern climates are needed. 
The gas collecting system should be de- 
signed in detail in accordance with safe 
practices. Proper liming of new digesters 
or overloaded digesters will avoid many 
operating headaches. A detailed procedure, 
successful for many years, for starting up 
new tanks has been ovtlined, together with 


the major factors in operating established 
digesters. 


Lagoons 

Lagoons as secondary digestion units 
following partial digestion in primary 
digesters afford an economical method of 
sludge treatment at plant sites with ample 
and isolated land areas. The digestion of 
raw solids in lagoons is attended by addi- 
tional requirements if nuisance is to be 
avoided. In many cases lagooning is not 
practical and in others should be looked 
upon as a strictly supplemental or emer- 
gency method of sludge digestion until one 
of the other methods can be substituted. 

Regardless of the method of sludge di- 
gestion selected, satisfactory results are 
cnentent on competent engineering design, 
qualified and conscientious operating per- 
sonnel, and cooperative supervising officials. 
A sewage treatment plant favored with 
such a combination is sure to perform 
success fully 
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DETERMINATION OF SUSPENDED SOLIDS 
IN AERATION TANK LIQUOR 


Sectional School on Water Supply and Sewerage; 


b TERMINATION of the suspended 
solids in mixed liquor is an impor- 
Mant control test in the operation of an 
activated sludge plant, as this quantity 
Senables an operator to manage properly 
Hthe wastage of return sludge. Since this 
idetermination is frequently the only truly 
operational test, as distinguished from 
performance tests, that requires use of 
an analytical balance it is desirable that 
the method selected be a rapid one and 
entail only the minimum of incidental 
pencil work records 

In the technique outlined below a sim- 
plifying feature introduced which con- 
sists in writing all weights directly on 
the back of the filter paper used, thereby 
preventing confusion when more than one 
tank is sampled and obviating the usual 
intermediate work sheet ruled for source, 
initial weight, final weight and resulting 
suspended solids. Filtration through pa 
per has been found preferable over other 
suggested methods due to its convenience, 
rapidity of filtration and speed in drying, 
as contrasted with use of Gooch crucibles 
or drying directly in a centrifuge tube 





Procedure 


Steps in the determination of suspended 
solids in mixed liquor by means of this 
method are as follows: 


1. Dry a 7 cm. diameter filter paper 
(Whatman No. 2 or equivalent) in an 
oven at 103° C. for 15 to 30 minutes. 
Qualitative grade paper may be used 
if the operator is satisfied with a filtrate 
that is not altogether clear 
Cool for 5 minutes in a desiccator and 
weigh to the closest milligram. A 
counterpoise weighing about the same 


*Louisiana State Dept. of Education 


By A. A. HIRSCH 


as an average filter conserves 
time in balancing. 

Write the tare weight directly on the 
paper about half an inch from its edge 
When about to place the paper in the 
funnel, also mark the tank number of 


the sample 


paper 


Filter Paper with Weights and Tank 
Number Written on Under Side 


Meanwhile have 100 mi. of sample of 
mixed liquor setting in a graduate for 
about 5 minutes, in order to settle the 
sludge partially and facilitate filtra- 
tion. 

Place the filter paper in a Buechner 
funnel, Prevent the sludge from spread- 
ing beyond the outer edge of the filter 
paper by pouring the liquor into a 
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Baton Rouge, 


La. 


hollow cylinder which is placed in the 
funnel so as to allow | cm. clearance 
Press the cylinder snugly on the paper 
This cylinder can be padded by insert- 
ing it into a bicycle tire inner tube and 
folding over the end to form a gasket 
Pour on a few milliliters of supernatant 
from the graduate, apply suction and 
filter the sample. Then remove the 
paper carefully with a knife so as to re 
tain all sludge deposited. 

Dry the paper and residue for 15 to 30 
minutes at 103° C 


Fold the paper in half with sludge side 
in; cool for about 5 minutes in a desic- 
cator, then weigh. Folding retards gain 
in weight by absorption of moisture 
from the air in the balance case and 
in the desiccator when the drying agent 
1s spent. 


Mark the final weight on the paper 
directly above the initial weight. Per- 
form the subtraction on the paper; ten 
times the gain in weight in milligrams 
gives the suspended solids in parts per 
million. This result is recorded in the 
plant record book and the incidental 
weights are discarded with the used 
filter paper. 

A typical sheet of filter paper used in 
the above manner at the Springhill, La., 
activated sludge plant is shown in the 
illustration. 


This method can readily be made to 
mesh in with the other analytical duties 
in the plant laboratory. If adopted as 
routine, a week’s supply of filter papers 
may be preweighted at one time, thereby 
permitting direct use without individual 
preparation each day. The above proce- 
dure is applicable to the determination of 
solids in any plant liquor in which the 
solids content is flocculated and relatively 
high; it is not recommended for the aver- 
age influent or the effluent. 





ESTIMATING FOOD WASTE LOADINGS ON SEWAGE 


N a recent paper the author has 
| discussed the probable future of house- 
nold garbage disposers and, as a result 
of a survey in Indianapolis, Ind., has 
offered the prediction that by 1965 about 
45 per cent of residences in the study area 
so equipped. Outlined herein is a 
necessary design 
loadings in 
muni 


will be 
method of forecasting 
data to care for the 
volved in handling 
cipal sewage treatment 

No function of local government is older 
than that of garbage and rubbish disposal 
Nevertheless, no service of community 
living been so 
neglected, and 
wastes 


added 
wastes in 
plants 


food 


universally abused 


disposal ot 


has 
ignored as the 
organic 

Household garbage 
simple. Now, however, a 
is available to ease the householder’s pain 

the kitchen garbage disposer. At the 
time it will provide growing relief 
headaches of the garbage collec 
Probably it will never, in 
cent remedy 


disposal is not so 


“neat little lever 


same 
from the 
tion department 
our time, become a 100 per 

During the past 15 years several articles 
have been written concerning the effect of 
garbage disposers on the sewage system 
Some emphasize the probable cost effect 
on sewage treatment. However, sewage 
treatment takes only one part of the tax 
dollar. The problem should be examined 
on a broader base—that is, the over-all 
effect on the taxpayer. Although disposal 
of household food wastes to sewers even 
tally may have some appreciable effect on 
the cost of sewage treatment, it will at the 
same time have the effect of reducing the 
cost of garbage collection and disposal 
Thus, it represents one budget item to the 
plant operator, but two or more 


sewage 
municipal housekeeper 


items to the 

The ensuing statements and discussion 
are more or less influenced by thinking 
in terms of the municipal housekeeper 
More particularly are they based on the 
following 

1. No experimental, or pilot plant of 
appreciable size, known to the writer, has 
been operated using ground garbage from 
kitchen disposers 

2. The character of 
dustrial grinders is 
kitchen grinders 

3. Never in this century 
dwellings of an average 
equipped with kitchen disposers 

4 Garbage entering the sewage treat 
ment plant from household disposers will 
have an effect on the treatment process 
quite different from that where industrial 
grinders are used and the material dis 
charged directly into digesters 


from in 
that from 


garbage 
not like 


will all of the 
community be 


Quantity and Character of Garbage 


During the normal course of 
people produce and discard waste ma- 
terials, both liquid and solid. As our mode 
of eating and living changes, so changes 
the quantity and character of human 
wastes 

More and more food products are being 
put up in “throw-away” containers, Some 
are combustible containers and many are 
Vol. 21, p 
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of metal and glass. This situation is in 
creasing the quantity of rubbish discarded 
per person and may eventually decrease 
the per capita garbage rate 

[he quantity of garbage produced in a 
community is influenced by the geographi- 
cal location of the community, the 
and the habits and economic status 
of its inhabitants. For the purpose of esti 
mating the quantity of garbage produced 
in communities of the East North Central 
States it is thought that 0.5 Ib. per capita 
per day is conservative. It might be men- 
tioned in passing that although the per 
capita garbage quantity has remained un- 
20 or 3 years, the 
increased substan 


sea 


sons, 


changed over the past 
rubbish quantity has 
tially 
Climatic 
of refuse 
garbage 


zones affect both the quantity 
produced and the character of 
In the South where the growing 
season is longer, more fruits and vege 
tables are consumed, thereby producing 
varbage of higher moisture content during 
more weeks per year, and thereby raising 
the average annual moisture content above 
that usually found in the North 

The moisture content of garbage will 
vary from about 70 per cent to 80 per 
cent by weight. Volatile, or combustible 
content will range from 15 per cent to 27 
per cent; ash, or mineral matter is about 
38 per cent. 


Garbage Disposal Services 

Garbage collection and disposal is one 
of the most expensive of municipal serv- 
Moreover, it is the source of more 
complaints from residents than any other 
function of the municipal housekeeper 

Whether the disposal method be inciner- 
ation, reduction, sanitary land fill, hog 
feeding, or just plain dumping, the collec- 
tion cost may well be three times the dis- 
Gross inefficiencies are inher- 
best of collection services, as 
study of 


ices 


posal cost 
ent in the 
seen in data from a recent time 
a garbage collection service 

The collection equipment used in the 
service studied consisted of truck-tractors 
and trailers. When the trailer was loaded 
it was unhooked from the truck and an 
empty trailer was attached. This transfer 
was made “on the spot,” so a minimum of 
lost time and travel was experienced In 
the area studied there were 7,371 dwellings 
containing 7,946 families. Two collection 
crews of three men each provided the 
service during a 10%-day period 

During this period the crews traveled 
a total of 362.7 miles, and worked 70 hr 
and 16 min, Of the total travel, about one- 
third (120.6 miles) was on actual collec- 
tion service. Of the total working time, 
68 per cent was devoted to actual collec- 
tion work. The remaining 32 per cent of 
the time of three men was spent riding 
from the garage to the collection area, 
from the collection area with loaded truck 
and trailer to the disposal point, and from 
the disposal point back to the collection 
area or to the garage. Further, the vehicles 
traveled 139.1 miles while empty 

Although the type of equipment used 
is not considered sanitary and is now 
generally out-moded, it did keep the ton- 


mile cost of collection at a practical mini- 
mum, Garbage hauls of 5 miles are not 
unusual, and in metropolitan areas hauls 
of 12 to 15 miles are not uncommon 

In Muncie, Ind., a city of 60,000, where 
the average haul is about 6 miles, it was 
calculated that if 75 per cent of the gar- 
bage were eliminated from the collection 
and disposal service, the annual saving to 
this service would be about $24,000. As 
the Muncie budget item for refuse service 
is about $90,000 per year, the potential 
considerable importance 
rherefore, kitchen 
garbage disposer should be on the broader 
as viewed by the municipal house- 
keeper, and not confined to its probable 
effect on sewage treatment facilities alone. 


Saving 1s ot 
any appraisal of the 


basis 


Sewage Characteristics 


Later in this paper the potential eff 
of kitchen garbage 
treatment facilities discussed, as 
plied to Muncie, Ind., a community 
called “Main Street, U 


disposers on sew 
are 


has been aptly 
A.” 

A recent 
provides the 
age: 


sanitary survey of that 
following data on the s 


Present population . 60,000 
Sewage flow (g.c.d.) 200 
Suspended solids (p.p.m.) 200 
Susp. vol. solids (p.p.m.) 140 
5-day B. O. D. (p.p.m.) 130 
Total solids (p.p.m.) 1,050 
Total vol. solids (p.p.m.) 437 


For the undigested sewage sludge 
ultimate analysis is as follows: 


Ory-Solids 
Tx) 


Combusti 
Component i 
Carbon 
Hydrogen 
Oxygen 
Nitrogen 
Sulfur 
Ash 


Total 


Effect of Disposers on Sewage 
Treatment Facilities { 





In the past some very definite concl 
sions and statements have been published 
regarding the effect of garbage from 
kitchen disposers on sewage treatment 
facilities. Apparently the experience at 
plants where garbage from industrial 
grinders is discharged directly to digesters 
has had a major part in the thinking be- 
hind such conclusions. Disposer garbage 
going through the treatment plant with 
sewage most certainly will not have the 
same final effect as industrial grinder 
garbage going to the digesters direct. 

No plant has ever received disposer 
garbage in any but relatively minute 
quantities. Only at Indianapolis, Ind., has 
a sewage plant ever received and taken 
through the treatment process industrial 
grinder garbage for any length of time or 
in appreciable quantity. There, from June 
through December, 1935, over 15,000 tons 
of garbage were disposed of through the 
sewage treatment works. The late Cecil 
K. Calvert was plant superintendent dur- 
ing that operation and in his report of 
the experience said, “Sludge production 
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was a little higher, perhaps, than usual, 
but was almost normal.” 

His report shows that the increase in 
raw sewage solids due to garbage was 
5 per cent total solids and 13 per cent 
suspended solids. The garbage was from 
an industrial grinder equipped to produce 
solids of %-in. size and under 

Mr. Calvert also said, “It appears on 
first thought that garbage should add a 
very heavy load to that which the sewage 
plant must treat, but every sewage plant 
always receives a considerable amount of 
from the domestic preparation of 
food. Besides juices, any solids fine 
enough to pass the sink strainger are 
flushed into the sewer. In any case, the 
additional load (from household grinders) 
need cause the sewage plant operator no 
alarm After seven months operation, 
the conclusion reached is that ground 
garbage offers no serious problem in 
sewage treatment and such disposition 
appears to be more economical than meth 
now in 

Any calculations of solids loadings 
either garbage, or sewage, or both—should 
be made on a comparable basis of either 
total solids or suspended solids. Never- 
theless, in many discussions of the effect 
of ground garbage on sewage treatment 
facilities the total solids of garbage are 
used whereas only the suspended solids 
of sewage are considered. At the same 
time, in calculating sewage sludge quan- 
tities, total solids are used. On the basis 
of past thinking and methods of calculat- 
ing the net effects, how can anyone arrive 
at sound conclusions, much less make 
positive statements as to plant require 
ments or added treatment costs ? 

There can be no objection to compu- 
tations designed to depict only the worst 
possible condition that could arise due 
to ground garbage being admitted to 
sewage plants. However, it is confusing, 
to say the least, and technically unsound 
to overlook or ignore the practical as- 
pects of the problem 

Computations made in the past assume 
that all of the garbage solids will settle 
out and add that much more to the present 
plant load. That assumption is definitely 
erroneous 

It has been established that the house 
hold disposer uses from 1 to 2 gal. of 
water per person per day, equivalent to 
2 to 4 gal. of water per pound of wet 
garbage In the laboratories of the 
writer's firm are three types of disposers 
Tests were run using three gallons of 
water per pound of garbage 

Assuming a sewage flow of 100 gcd., it 
was found that the garbage solids would 
be as follows 


waste 


ods use 


Per Cent 
(p.p.m.) Suspended 
S4 


37 


Garbage in Series A and B was col- 
lected from various fire stations and 
ground with distilled water. Series C 
garbage was from a private residence and 
ground with tap water. Incidentally, raw 
and filtered samples of Series C were di 
luted 20 to 1 and inewhated for 18 davs 
to determine the oxygen demand. The 
results were as follows : 


8. 0. D. (p.p.m.) 
“Sdeys 9 days 

360 

180 


18 days 


$40 
220 


Rew 
Filtered 


340 
130 


It is believed these data are indicative 
of what may actually take place in a large 
scale operation 

In view of the above, is it accurate or 
practical to use total garbage solids in 
measuring the theoretical effect on sew 
age treatment in trickling filter and acti 
vated sludge plants ? Will not a substantial 
quantity of dissolved garbage organics 
become mineralized the same as sewage 
solids, and leave the plant in the effiuent ? 

The similarity between the ultimate 
analyses of raw garbage and raw sludge, 
based on the dry of each, is shown 
in the following 


solids 
Component Sludge Garbage 
Carbon (%) 45.2 

Hydrogen (%) 5 

Oxygen (%) 


rod 


Nitrogen (%) 
Sulfur (%) 


Ash (%) 20.1 


Total (%) 100.0 100.0 


If garbage alone having such an analy 
sis entered an activated sludge or trickling 
filter plant via the influent sewer, would 
the effluent or final sludge be expected to 
be materially different than that from the 
sewage alone? 

Ordinarily about % of the total solids 
of sewage are in solution and the final 
sludge about equals the quantity of sus- 
pended solids. Qow it appears that about 
% of the total solids of garbage from 
kitchen disposers may arrive at the sew- 
age plant in solution. Certainly not much 
more than % of the garbage solids will 
become sludge 

If the average production of garbage is 
0.52 Ib. per capita per day, equal to 0.13 
Ib. of dry solids, it does not seem un- 
reasonable to say that the added sludge 
load due to garbage will be between 0.13 
and 0.13/3 Ib. (or 0.044 Ib.) per person 
per day. It does seem unreasonable to use 
the 0.13 Ib. as the actual quantity lies 
somewhere between the two figures 


Sample Calculation 


Using factual data obtained in the 
Muncie survey and information and data 
discussed above, calculations portraying 
the possible minimum and maximum sew- 
age plant loadings can be made. It should 
be noted that only 50 per cent of the 
dwellings are assumed to have disposers, 
in accordance with the saturation of sales 
expected by 1970. Furthermore, the calcu- 
lations in Table I assume that 95 per 
cent of the suspended solids of sewage 
go to digestion, and that, in one case, 100 
per cent of the total solids of garbage go 
to digestion. 

Table I is intended to depict the maxi- 
mum and reasonable minimum loadings 
Using average garbage quantities—that 
is, the average of the total and suspended 
quantities—gives 13,910 Ib. per day of di- 
gested sludge, or an increased of 12.6 per 
cent in dry digested sludge due to garbage 
Based on the calculations it is the writer's 
opinion that the sludge facilities of no 
sewage treatment plant will have to be 
enlarged more than one-eighth in the next 
20 vears due to kitchen garbage disposers 

It will be noted that the foregoing cal- 
culations are not truly representative of 
the conditions. If one approaches the 
problem from the standpoint of solids en- 
tering the sewage plant it will be found 
that the load is as follows 
Suspended solids only (Ib.) 

In sewage 20,000 
In garbage (40% gusp. sol.) 1,560 

Total anus . . 21,560 
Increase due to garbage (%) ‘ 7.8 

In this case it has been assumed that 40 
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TABLE I 
Basic Data of Sewage Plant Loading Due 
to Cround Carbage in City of 60.090 


A. Population 60,000 
8. Suspended sewage solids (tb. dry 
per day) 
Total garbage solids (th 
Suspended garbage solids ( 
(lb. dry per day) 
Total dry solids, B+C (tb. per day) 
Total dry solids, B+ D (th. per day) 
Dry garbage solids, C as % of E 
Dry suspended garbage solids, D as 
% of 
Increase in dry solids due t 
basis C (%) 
Increase in dry solids due to garbage, 
hasis D (%) 
jlatile solids (tb. per day) 
Basis EF 
Sewage sludge 13,300 
Garbage 3,120 


Iry per day) 
3 of total) 


garbage 


otal 
Digested sludge (50% 
tion) (ib. per day) 
Basis E 
Basis F 
Digester sludge, sewage only (Ib. per 
day) 
N. Increase in dry digested sludge due tc 
garbage ( ) 
asis E 
Basis F 


16,420 
volatile 


reduc 


per cent of the garbage solids are sus 
pended. If the plant removes 95 per cent 
of the suspended solids and this goes to 
digesters, the increase in the digested 
sludge due to garbage is 7.2 per cent 

Although it does not appear accurate to 
use the suspended solids of sewage and 
the total solids of garbage for measuring 
the total load, it would probably be in- 
accurate to use total sewage solids and 
total garbage solids. For instance, the 
total solids of the above sewage was 
1,040 p.p.m. If 400 p.p.m. were contributed 
by the city water, the sewage would con 
tain 640 p.p.m., or 64,000 Ib. per day as 
compared with 20,000 Ib. used in the 
earlier calculations. In this case, the total 
garbage solids would be 534 per cent of 
the total load 


Conclusions 


In appraising the economics of the 
kitchen garbage disposer one should not 
limit the considerations to the probable 
effects on sewage treatment, but should 
broaden the scope to include the interests 
of the municipal housekeeper as well as 
the householder. 

When the householder deposits garbage 
in the kitchen disposer you may be sure 
it will be nearly pure garbage substance 
Only by accident will it contain other 
materials and they will be beyond recog 
nition when received at the sewage plant 

Water transportation is famous for its 
relative cheapness. What could be less 
expensive than water carriage of ground 
garbage by gravity, particularly when it 
has no appreciable effect on the hydraulics 
of the carrying system. Why not utilize 
the sewer system to transport the garbage 
of a community ? 

If the use of garbage disposers follows 
the sales pattern of most other household 
appliances, it will be more than 20 years 
before half the dwellings in the average 
community will be so equipped. When 
and if half the dwellings of a community 
are equipped with disposers, the sludge 
load at the sewage plant will not be in 
creased by as much as 20 per cent. It will 
more likely be in the neighborhood of 10 
per cent 
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LIMITS FOR TOXIC WASTES IN SEWAGE TREATMENT* 


recent literature 
of articles 


N examination of the 
A reveals a large number 
describing the objectionable effects of vari- 
rus industrial wastes on sewage treatment 


from these reports 


Che factual evidence 
ws that these wastes have caused vari 
from “excessive foaming” or 
digestion of sludge” to a com 
eakdown of treatment plant 


oubles 
plete facil 
ities 
It is apparent that the deleterious effects 
of any industrial waste vary inversely with 
dilution afforded by the sewage. Thus, 
wastes trom a certain industry in a 
small community might disrupt the treat 
ment plant, whereas its effect in the sewage 
of a large city would be inconsequential 


the 


the 


Effects of Toxic Wastes 

The objectionable effects of an industrial 
waste may be due to one or more of its 
various constituents. As an illustration, in 
the manufacture of mouton fur the follow- 
ing substances may cause trouble in treat- 
ment : 

1. Grease and excess alkali from the 
scouring of the skins clog the sewers and 
retard biological treatment 

2. Heavy suspended solids both from the 
washing and the tanning overload primary 
treatment 

3. Toxic chromium from the mineral 
tan prevents digestion of sludge. 

4. Large quantities of organic material 
having an excessively high oxygen demand 
overload oxidation processes 

Other wastes have their own character 
istic effects. Tanneries, breweries, canner- 
ies, slaughter houses, textiles, rubber, metal- 
lurgical wastes, and numerous others, have 
different effects on sewage treatment 

Chromium salts, usually reported in the 
form of metallic chromium, have different 
effects on different units of a sewage treat- 
ment plant. The chromium is in the trivalent 
form in spent chrome alum in the wastes 
discharged from a tannery using a mineral 
tan. Chromium in this form will precipitate 
almost quantitatively in an alkaline solution 
such as sewage, and will be removed as 
sludge to digestion tanks, where digestion 
will be retarded or practically stopped. If 
secondary treatment is used there will prob- 
ably be very little trouble biologically. On 
the other hand, if the chromium compounds 
are discharged from a plating establish- 
ment or from anodyzing of aluminum, the 
chromium is chiefly in the hexavalent form 
Chromium cannot be precipitated under 
ordinary conditions in this form. Therefore, 
the effect on sludge digestion is very much 
However, in the hexavalent form the 
chromium much more toxic, and when 
present in sufficient quantities will kill the 
organisms in filters or in activated sludge. 
The tolerance concentration is contro- 
versial. It has been reported to the writer 


that quantities up to 25 p.p.m. can be han 


less 


1s 


*Reprinted from Sew. Wks. Jour., Vol. 21, ¢ 


2 by permission 


STUART E. COBURN 
Chief Chemist 


Metcalf and Eddy, ( Engrs 


ms Boston, 


that 
up 


found 


dled continuously Edwards 
slowed 


shock loads of about 40 p.p.m 
nitrification and caused deterioration in the 
appearance of activated sludge effluent. In 
formation is still lacking as to the quantity 
of chromium which is permissible in sewage 
the conditions 


l. Type of 


under following variabl 


chromium, trivalent or hex 


avalent 


? such 


2. Type treatment 


ol sewage 


primary and secondary 


2 


3. Continuous loads 


flow versus shock 
over a period of a few hours 

Copper is a tox substance easier to 
evaluate. As reported by Mohiman an ex 
cess of 1 p.p.m. has caused trouble 

Acid-iron wastes have caused trouble 
at Worcester, Fostoria, and in many other 
places. 

Daily, weekly or monthly analyses have 
usually been reported. The question arises 
as to whether or not the trouble was caused 
by intermittent discharges of pickling 
liquors high in iron or acid content, or by 
a continuous discharge of wastes containing 
much smaller quantities of iron and acid 
Zinc has been reported as detrimental to 
sludge digestion at Fostoria, Ohio 

Cyanides of 5 p.p.m. discharged continu- 
ously have an inhibiting effect on activated 
sludge treatment. Doses of 20 p.p.m. are 
reported as having an immediate effect on 
activated sludge, but after removal of the 
cyanide, the sludge recovers. Siebert re- 
ports that as low as 1 p.p.m. is toxic to 
biological activities. On the other hand, 
filtration of much higher concentrations of 
cyanide, through sand or coke breeze, has 
been suggested as a method of treatment. 

From another point of view cyanides 
should not be permitted in sewage because 
of the slight possibility of acid wastes be- 
ing present at the same time and therefore 
possible liberation of hydrocyanic acid 

Brewery wastes have interfered with sew- 
age treatment at Jeanette, Pennsylvania. It 
was found during a recent investigation that 
the B.O.D. population-equivalent of the 
waste from a single brewery was greater 
than the population of the entire city. 

Rubber wastes at Akron so overloaded 
the primary treatment units that the sewage 
plant reached its designed capacity long 
before the estimated time. 

Substances such as acids, alkalies, silt, 
plastics, and grease, which cause localized 
troubles in a sewer, may also cause serious 
results at the sewage treatment plant 

Soluble cutting oils, while affecting 
treatment to some degree, are objectionable 
in that they pass through tanks unchanged 
and cause marked objectionable effect on 
the appearance of the receiving stream. 


Control of Toxic Wastes 

The writer takes the view that industrial 
wastes should be admitted to municipal 
sewer systems to the extent that they do not 
cause breakdown of the collection or treat- 
ment facilities either physically or biolog- 
so overload the various units that 


ically, or 


Vass 


TABLE I 


Concentration Limits for Toxic and Deleteri- 
ous Wastes in Composite Sewage of Treat 
ment Plant Influent* 


Primary Treatment 


No Sludge 
Digestion 


Sec 
ondary 
Treat 
ment 


Names <f Items Sludge 


Digestion 


pH index 

Total iron (p.p.n 
Copper (p.p.m.) 
Chromium (; p.m.) 
Cyanide (p.p.m.) 


Should be excluded 


(hls 
nicipal ordinances 


mineral 
Removed t 
ticable 
charge 


maximum prac 


Oils -soluble extent before dis 


Should be excluded by 
nicipal ordinances 


Combustibles, etc mu 


Should be neutralized at 


Free mineral acids 
source 

Should be excluded by 
nicipal ordinances 


Acetylene genera mu 


tion sludge 


Proposed Collection 
Sewage and Indusi 
Sanitary Auth 


22, “Report 
Treatment of Municipal 
Wastes,” Allegheny County 
(January, 1948) 


*Page 


the effluent is impaired to an objection 
degree. In other words, the presence of 
dustrial wastes may cause temporary ov 
loading and accompanying operational v 
ations, but neal 
being solved and the public better ser 


is 


pollution abatement 
by treatment of all wastes possible w 
the sewage in one plant, under the suf 
vision of competent operators 


Whenever the proportion of wastes 
comes so great that the sewage treat 
plant becomes a wastes treatment plant, i 
necessary for industry either to remove 
wastes or to pretreat them to an accept 
degree. New sewage treatment plants 1 
be designed to handle the industrial wa 
of the municipality if their character 
quantity can be predicted. 


It is difficult but necessary that cert: 
limitations be placed on the quantity of 
jectionable or toxic substances that may 
present in sewage as received at the treat- 
ment plant. Such limits have been proposed 
by the Allegheny County Sanitary Author- 
ity. Table I has been taken from the 
Authority’s recent report “Proposed Collec- 
tion and Treatment of Municipal Sewage 
and Industrial Wastes.” 


It is the writer's opinion that if these 
concentration limits are met there will be 
no difficulty in treatment by the usual sew- 
age treatment processes. In fact, it is prob- 
able that these limits can be exceeded mani- 
fold for short periods without any harmful 
effect 


A committee is needed to establish maxi- 
mum limits of objectionable constitwents 
of industrial wastes that are proposed to be 
treated with municipal sewage 
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tn sewage healment... 


THERE’S ADORR UNIT ‘MGGnecae 
fer fp vactically | EVERY FLOWSHEET | 


@ FOR PRELIMINARY TREATMENT @ FOR SECONDARY TREATMENT @ FOR COMBINATION TREATMENT 
1. The Dorrco Bar Screen 5. The Dorr Clarifier * The Dorr Duo-Clarifier 


* The Dorrco Fine Screen ‘ a (primary and secondary clarification) 
: The Cerne Menesahe * The Dorrco Duo-Filter 
2. The Dorrco Sulzer Disintegrator 6. The Dorrco Distributor 


(primary and secondary filtration) 
3. The Dorr Detritor @ FOR SLUDGE TREATMENT AND DISPOSAL * The Dorrco Clariflocculator 
* The Dorrco Vocvator 7. The Dorrco Sludge Pump (flocculation and clarification) 
8. The Dorr Multdigestion System * The Dorr Clarigester 
© FOR PRIMARY TREATMENT * The Dorr Digester (clarification ~7 digestion) 
* The Dorrco Flocculator 9. The Dorr Thickener * The Currie Claraetor 
4. The Dorr Clarifier 10. The Spiral Heat Exchanger (aeration and clarification) 
or 11. The C-E Raymond System * The Dorrco Vacuator 
* The Dorrco Monorake (sludge drying incineration) (for grit, scum and solids removal) 


Alternative or combination units not shown on composite drawing. 


If you do not already have information on all the 


Dorr units shown in the composite flowsheet above, 


write for your copy of “Dorr Equipment and Methods” THE DORR COMPANY, ENGINEERS 
..- 12 pages of photos and descriptions covering every BARRY PLACE, STAMFORD, CONN. 


NEW YORK © ATLANTA ® TORONTO 

CHICAGO © DENVER © LOS ANGELES 

RESEARCH AND TESTING LABORATORIES 

WESTPORT, CONN. 
SUGAR PROCESSING 
PETREE & DORR DIVISION, STAMFORD, CONN 
ASSOCIATES AND REPRESENTATIVES 
Dorr Technical Services ond Equipment Are Also 
Available Through Associcted Companies and Rep- 
resentatives in the Principe! Cities of the World. 
Names and Addresses on Request. 


unit in the Dorr line. 
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FORCED CIRCULATION HOT WATER HEAT EXCHANGERS 
FOR DIGESTION TANK HEATING 


JOHN J. BAFFA 


I\ RECENT years considerable attention when msufhcient heat is available from the the circulating pump is inoperative and 
has been given t eating of sludg« irculating hot water from the engine cool- thermal circulation of the water bath around 
digestion tanks by means of heat exchange ing system. The exhaust fan at the upper the sludge tubes is made available by open 
apparatus located externally with respect to left provides for control of air for com ing of an interior thermal circulating valve. 
the tanks This development has been a bustion and for exhausting of products of The firing units automatically supply heat 
natural result of difficulties with the con ymbustion of the firing units. The butterfly to maintain the water bath temperature on 
ventional fixed interior heating coils. The valve at the fan suction allows withdrawal the fire tube side between a predetermined 
major difficulty encountered with the fixed f air from the room or chamber in which upper and lower limit. For all practical 
interior heating coils has been constantly the apparatus is located. Vented hot water purposes of calculation, the water bath on 
lecreasing heat transmission efficiency due expansion tank is seen behind the exhaust the sludge tube side can be considered to be 
to sludge caking and tl iltant necessity ian maintained at a constant average tempera 
to dewater tanks for aning, thus inter rherefore, the unit shown in Fig. 1 can ture 
rupting operations and in some instances operate as a stationary water bath type of Fig. 3 shows front and rear views of a 
involving considerable labor costs exchanger with only thermal circulation of forced circulation counter current flow type 
Various methods of external heating of the hot water bath and the sludge in motion hot water heat exchanger. Sludge and hot 
digesters have been described in sewage through the sludge tubes or it can operate water connections are on the front of the 
works literature and include the following with forced circulation of the hot water as unit. The hot water enters the exchanger 
a) Addition of steam to raw sludge well. For the unit shown, the hot water at the vertical connection at the upper right 
b) Contact heating of sludge in separate circulation would be caused by a remotely and leaves at the side outlet connection at 
heating tanks or in the digesters themselves located engine jacket water pump and thus the lower left. The sludge to be heated en- 
in which the sludge is breught into direct ovide for heat recovery from the opera- ters the exchanger at the front connection 
contact with intensely hot combustion prod ion of a diesel engine or gas engine or at the lower left and leaves the exchanger 
ucts lual fuel engine at the front connection at the upper right, 
c) Forced circulation type hot water heat Fig. 2 shows a similar type unit with Ihe apparatus comprises essentially a ne 
exchangers in vich the sludge t single sludge inlet and outlet connection in of circular tubes and shells. Each tube 
heated is circulated through pipes front and a hot water circulating pump on concentric with its shell. The sludge trave 
mersed in a hot water bath top. The hot water circulating pump pro- through the tubes and the hot water trav 
d) Forced circulation type hot water heat vides for circulating the hot water bath through the annular space between tube a 
exchangers through which both the hot through a building heating system. During shell. Baffled manifolds are provided f 
water providing the heat and the sludge to seasons when building heat is not required sludge and water at the front end of t 
be heated are circulated by pumping and 


travel through the heat exchanger in op 





posite directions 

Of the various methods of external di 
gester heating the forced circulation typ. 
hot water heat exchangers have found the 
widest applicatior A number of installa 
tions have been completed and a consider 
able number are projected 

In view of the number of such installa 
tions which are, or may soon be, in opera 
tion, it is the purpose of this article to set 
forth briefly some fundamental considera 
tions of the theory and practical use of hot 
water heat exchangers with the thought 
that such information may be of value to 
engineers and plant operators im securing 
and making available to the sanitary engi 
neering profession, operating data on heat 





exchanger operation 


Equipment Available 

Illustrations of some commercial types of 
heat exchangers which are available are 
shown in Figs. 1 to 4 incl 

Fig. 1 shows a hot water bath type con 
bination heater and exchanger The leit 
hand side of the apparatus comprises gas 
and oil firing units arranged with fire tube 
flues to heat the contained water bath which 
transmits heat to the sludge. Return bends 
on the sludge tube nest are seen at the right 
hand side of the apparatus. The heat trans 
mission takes place through the walls of the 
horizontal sludge tubes as the sludge is 
recirculated therein by means of an external 
pump. Return bends on the sludge tubes 
are also located at the rear of the apparatus 
All of the return bends are removable to 
allow straight through cleaning of the sludge 
tubes. In addition, the sludge tubes can be 
completely removed for cleaning The 
four pipe ‘connections visible at the right 
comprise two sludge inlets and two sludge 
outlets. At the rear of the unit may be seen 
hot water connections to the water bath ‘ ee 
from an engine cooling system. The con- Fig. 1. P.F.T. Hot Water Bath Type Heater and Heat Exchanger 
trols for the unit provide for automatic With twin sludge inlet and outlet connections in front and connections for circulating 
heating of the water bath by the firing units engine cooling water in rear.) . 
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I ° 


ig. 2. P.F.T. Hot Water Bath Type 


sludge f t mitlet ¢ 


Pump 


bith singli 


apparatus and integrated with thet 
tive inlet and outlet connections 

Fig. 3 (lower half) shows the 
of the apparatus with insulated 
moved and one of the return bends removed 
The apparatus is so arranged that shells and 
tubes can be completely removed for clean 
ng 

The sludge to be heated is pumped 
through the unit by means of an external 
sludge pump. Hot water is also circulated 
by pumping. Heat is supplied to the hot 
water by an external boiler unit or from 
engine jackets and exhaust gases 

The units shown in Figs. 1, 2, and 3 are 
designed to eliminate the possibility of con 
tammation of circulating hot water ot 
water bath by the circulating sludge 

Fig. 4 (right) illustrates a counter 
current flow type spiral heat exchanger with 
front door opened as if for cleaning. Fig 

(left) shows the same unit with the door 
closed and ready for operation. These units 
differ from those shown in Figs. |! and 3 
in that no pipes or tubes are used for the 
heating surtace. The heating surface com 
prises two plates rolled up to form con 
centric spirals. Th: sludge and hot water 
flow counter currently in the two spaces 
between the plates 

The sludge enters the unit at the con 
nection shown at the top to the right of the 
enter and leaves the unit through a connec 


respec 


rear 
cover re 


view 
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Heater and Heat Exchanger 
tions tlating hot 


hot water enters 
the unit at the rear center and leaves at the 
connection at the top to the left of the 
ceygter. Sludge is pumped through the unit 
by means of an external pump as is the hot 
water. Heat is supplied to the hot water by 
means of an external boiler, or if heat re 
covery from engine cooling water is de 
sired, then heat is supplied from engine 
jackets and exhaust gases 

All of the units shown in Fig. 3 and 4 
are available up to capacities as high as 
1,500,000 Btu. per hour and higher and 
water bath type units are available up to 
1,100,000 Btu. per hour. All are installed 
on the basis of recirculating a portion of 
digester contents through the units continu 
ously 


tion at the rear center. The 


Theory 

In Fig. 5 is shown the temperature and 
direction of flow diagram for the counter 
current ferced circulation type heat ex 
changer through which both the hot water 
and sludge are in motion and flow in op 
posite directions on opposite sides of metal 
barriers. The hot water enters the heat 
exchanger at temperature T,, gives up heat 
to the sludge and leaves the exchanger at 
lower temperature T,». The sludge enters 
the heat exchanger at lower temperature T, 
absorbs heat and leaves the exchanger at 
higher temperature T, 

In Fig shown the and 


6 is temperature 


1950 


flow diagram for the wat 
bath type of heat exchanger in which the 
hot water is stationary except for thermal 
circulation and is automatically maintained 
at an average temperature and surrounds 
the metallic pipes through which the sludg« 
to be heated is circulated. The sludge flow 
is from right to left. The sludge enters the 
exchanger at cold temperature T, and leaves 
the exchanger at heated temperature T 


direction ot 


In the heat exchanger apparatus, the heat 
transmission from the hot water to the 
sludge takes place through the 
barrier separating them chiefly | 
tion and conduction. The rate of heat flow 
through the metallic barrier separating the 
two fluids will depend upon 


metallic 


vy CONVESC 


1) The contact area available for the trans 
fer of heat 

The difference in betwee 
the hot water and the 
3) The overall conductance of the 
barrier, films and deposits 

Each of the three above factors directly 
affects the total rate of heat transfer whicl 
may be formulated as follows 


temperature 
sludg« 


metal 


H UxXAX Tx Eq 


where 
H 


Total rate of heat flow in Btu. per hr 

U Overall rate of heat transfer for the entire 
apparatus or overall a ein Btu. per 
hr. per sq. ft. per deg 

Surface area available for heat transfer in 
sq. ft 

Mean effective 
tween the hot water 


temperature difference be 


and the sludge in deg 


7 shows the effect on the tempera 


le 


Fig. 
ture gradient of films, metal, corrosion sca 
and deposits while transferring heat from 
the hot water to the sludge through a metal 
barrier. The overall conductance U, of the 
metal barrier including metal, films, 
and deposits is formulated as follows 


scale 


= Conductivity of the metal in Btu. per 
hr. per sq. ft. per deg per ir 
thickness of metal 
Thickness of metal wall in in 
onductances of the surface films 
and corrosion scales or deposits ex 
pressed in Btu. per br. per sq. ft. per 
deg. F. When a deposit is 


absent its resistance such as 


t= 
ker ke ka ke = ( 


seale or 
factor 


becomes zero. 
ks 

The conductance of scale deposits and 
films can be combined into a term called U, 
or the overall film conductance and ex 
pressed in Btu, per hr. per sq. ft. of contact 
surface per deg. F 

(Eq 
Us 


Equation 2 


follow 6? 


therefore can be written as 


(Eq 


t 
= <f 
K Ux 


Otherwise expressed, this means that the 
overall conductance U of the contact sur 
face separating the hot water and the sludge 
depends not only upon the kind of metal and 
the thickness of it but also upon the film, 
scale and deposit conductances 

The film scale and deposit conductances 
are a function of their nature: and thick- 
ness which in turn are a function of the de 
gree of turbulence of the flow of the two 
fluids under consideration, and their tem 
perature differences 

The greater the turbulence of the flow the 
greater is the amount of heat convected to 





' € eating surtace Decause Mats 
particles with component veloci 
ypward the surface break 
through the carry heat to 
In additior 
minimize 


effect on 


% the fluid 
heating 

surtace film and 
or from the separating barrier 
relatively higl tend to 


depositior 


ties t 


velocities 
and exert a 


scales and deposits 


scouring 


It follows for the type of apparatus under 

that the detrimental sludge 
common to digestion tank coils 
sludge velocities 
temperatures are per 
with the 


consideratior 
film effects 
are lessened at 
and higher hot water 
mitted than would be allowable 
conventional interior heating coils. On the 
other side of the ledger with respect to 
high velocities is the consideration of head 
loss through the 

Thus the overall co-efficient of heat trans 
mission U for the heat exchanger apparatus 
is also affected by the velocities of flow of 
the hot water and the sludge 


proper 


apparatus 


Experience with heating coils in digesters 
indicates that the metal resistance t/K is 
slight and has been neglected in computation 
overshadowed by the 

The writer believes 
however, that the effect of metal resistance 
will assume somewhat greater importance 
in external heat exchanger applications be 
cause of structural necessity for thicker 
metal barriers and deposition and film ef 
fects will be lessened by turbulent flows 
through heat exchange apparatus 

Table I indicates the thermal conductivi 
ties of some metals and alloys such as might 
be used in heat exchangers 

In the choice of metal and metal thick 
ness for heat exchangers, due thought 
should be given to corrosion and abraison 
resistance, structural characteristics and 
conductivity in relation to sludge and water 
temperatures involved. The likelihood of 
metals forming insoluble 
products is also of importance 


since it has been 


sludge film resistance 


some corrosion 


Measurement of Performance 


To evaluate the performance of a heat 


exchanger, a satisfactory unit of measure 
ment is the determination by test of the 
overall co-efficient of heat transmission U 
for the apparatus as a whole under a par 
ticular set of conditions 


Overall Co-Efficient of Heat Transmission 
The total heat transmitted by the entire 
exchanger apparatus per unit of time 


be expressed as shown in Equation 


Table I 
Conpuctivity oF METALS 
Temperatures of 32° F. to 212° F.) 
Conductivity Btu 

per hr. per sq. 
per deg. F. per 
in. of thickness 


Wrought Tron 
Mild Steel (S.A.E 
Nickel 

Red Brass (85-15) 
Sificon Bronze 
Ingot Tron 

Monel 

Stainless Steel (types 304, 316, 321) 
Aluminum (2s) 

Pure Copper 


370 
460 
420 
1100 
225 
470 
180 
105s 
1870 
2640 


1020) 


No. 1, where U is considered to be the overt 
all co-efficient of heat transmission for the 
entire heat exchanger apparatus and is ex 
pressed in Btu. per hr. per sq. ft. of ex 
changer heating surface per deg. Fahren- 
heit. 

The area of contact surface can be ob- 
tained from the equipment manufacturer or 
measured and computed thus providing a 
value for “A” in Equation No. 1. For 
curved contact areas of ordinary thickness 














Fig. 3 


P.F.T. Counter Current Flow Type Forced Circulation Hot Water Heat 


E-xchanger 


nt View. Bottom—Rear 


Top Pre 


view with casing 


removed and one clbow removed 


ready for cleaning.) 


the average area of water and sludge con 
tact surfaces provides sufficient accuracy 


Referring to Fig. 5 the value for H in 
Equation No. 1 can be obtained as follows 
(Eq. 5) 
H (Ts Ts) X Ws X Cs 
Sludge outlet temperature in °F 
Sludge inlet temperature in °F 
Pounds of sludge flowing per hour 
Mean specific heat of sludge (usually 
taken as 1.0) 


If there are no external losses, the heat 
absorbed by 
heat given up by the hot water 


efore . 


; (Eq. 6) 
H = (T; — Ts) X We X Cm 


Hot water inlet temperature 

Hot water outlet temperature 

Pounds of water flowing per hour 
Specific heat of water (taken as 14) 


the sludge should equal the 


Under actual test conditions, the heat 
given up by the hot water is always some- 
what greater than that absorbed by the 
sludge and the difference represents radia- 
tion To compute the value of the 
overall co-efficient of heat transmission the 
amount of heat calculated by Equation No. 
5 should be used since there is usually a 
small amount of radiation loss. 


loss. 


It will be noted from Fig. 5 and 6 that 
the variation in temperature of the sludge 
while traversing the heat exchanger is not 
a straight line so that the use of an arith- 
metic mean temperature difference for the 
value of T. would not be exact. Commonly 
accepted procedures are to use the arithme- 
tic mean temperature difference when T, 
and T, are close together and the loga- 
rithmic mean when T, and T, are far 
apart. For all practical applications of hot 

(Continued on page R-178) 
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Three No. 4-GS-25 American 
Gas Boilers installed in the 
Back River Sewage — 
Plant, Baltimore, Maryland 


One of the world’s largest 
gas boiler installations, East- 
erly Sewage Disposal Plant, 
Cleveland, Ohio, includes 
twelve 4-GW American Gas 
Boilers with a total output of 
18,500,000 Bru per hour 


v 


For trouble-free heating 


A\MERICAN GAS BOILERS 


@ American Gas Boilers for heating 
sludge digesters are engineered for 
dependable operation and are especi- 
ally adapted for burning sewage gas. 
They are completely automatic—and 
control water temperature to any pre- 
determined degree. Pintype sections 
afford the most effective type of cast 
iron heat-absorbing surface. Controls 
are available to accommodate any de- 
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sired system of gas, temperature, or 
pressure regulation. A wide range of 
sizes meets all requirements. For 
complete details of these perform- 
ance-proved gas boilers, as well as in- 
formation about American Gas Fired 
Automatic Storage Water Heaters, 
write American Radiator & Stand- 
ard Sanitary Corporation, P. O. 
Box 1226, Pittsburgh 30, Pa. 
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Fig. 4. Dorr Co. Counter Current Flow Type Spiral Heat Exchanger 


Left 


(Continued from page R-175) 
water heat exchangers for sludge heating 
the arithmetic mean temperature difference 
is adequate. 

It can be scen from Fig. 5 and 6 that T, 
equals the temperature of entering hot 
water minus temperature of heated sludge 
leaving the exchanger or 


Te = Ti Ts (Eq. 7) 


I, equals temperature of cooled water 
leaving the heat exchanger minus tempera 
ture of cold sludge entering the heat ex 
changer or 

Te Te — Ts (Eq. 8) 

The arithmetic mean temperature differ 

ence is 


Ts + To 


(Eq. 9) 


Tm 


The logarithmtic means temperature dif 


terence is 





%* t-Ts 
HOT WATER 


°F 








SLVUOGE 


With front door closed 





TEMPERATVRE 


a 
a 


Right 


Che logarithmic mean temperature differ- 
ence provides extreme accuracy which is 
not warranted when accuracy of observa 
tions of this type is considered. If desired, 
however, it is easily computed by use of a 
table of natural logarithms 

Thus with all values known, except U, 
Equation | is easily solved for 

Therefore, if a new or just cleaned heat 
exchanger is tested with measured rates of 
sludge and water flow and entrance and exit 
temperature of both hot water and sludge 
are read, the overall co-efficient of heat 
transmission for the exchanger may be 


Hot Water Flow 
Sludge Flow L 
Hot Water Inlet 
Hot Water Outlet 
Sludge Inlet 
Sludge Outlet 
Heating ¢ 


ontact Surface 


With front door open, showing interior.) 


computed. After a period of operation the 
test can be made again at the same rates of 
sludge and hot water flow and the effect of 
films and scale can be evaluated. If flow 
rates and temperatures are varied, curves 
of heat transmission for various flows and 
temperatures can be obtained for study to 
determine optimum efficiency conditions 


Example 

Assume that a performance test was run 
on a heat exchange apparatus similar to 
those shown in Fig. 3 and 4 and the follow 
ing average for test run data was obtained 


Temperature (T:) 
Temperature (T2) 
Temperature (Ts) 
Temperature (T 


Heat Absorbed by Sludge 


75 gpm. * 8.34 tb. /gal. x 1.03* & 60 min./br 


“~ (100 


89)°F 


*Specifie Gravity of Sludge 
Heat Given up by Hot Water 


62 gpm. 8.34 Ib./gal. x 60 min./hr. x (150 


INCREASES 


AVERAGE TEMPERATURE 


136)°F. x1 btu 





TEMPERATURE 





Recnti 








CONTACT SURFACE 
TRAVERSED 








+ 


Fig. 5. Counter Current Flow Type of Heat Exchanger—Direc- 
tion of Flow and Temperature Diagram. 
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Fig. 6. Water Bath Type of Heat Exchanger—Direction of 
Flow and Temperature Diagram. 
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water inlet and outlet temperatures would 
both be the same as per Fig. 5 and would 
comprise the average temperature of the 
water bath on the sludge tube side during 
the test run. This average temperatur« 
would have to be obtained by averaging 
temperatures of the top and bottom of the 
water bath on the sludge tube side. Another 
method of testing would be to turn off the 
firing unit and determine drop in tempera 
ture of water bath for measured additior 
ot heat to sludge. The determination and 
expression of “fuel to sludge” efficiency 
would be of considerable interest in con 
nection with the water bath unit 
Designing engineers are urged to provide 
for metering and pressure measurement 
SLUDGE TEMPERATURE facilities and properly located thermometers 
in their designs so that the obtaining of 
operating data will be facilitated and thus 
/ data will be provided for future designs 
conmosion/” and for study to improve plant performance: 
and save heating dollars 


MOT WATER TEMPERATURE 





FILM 
TEMPERATURE 
OEC REASES 


SLUOGE 


SLUDGE 








HoT WATER 


LIQUID FILM 








SCALE 
OR DE Posits 
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This table ie taken from “Hydraulic Data,” published by Gould’s Pumps, Inc. 
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(47) Mag. 237 
(48) R-100 
(45) R-15 
('46) R-177 
(46) R-241 

(49) Mag. 194 


A-B-C of Depreciation 
Accounted for Water and Unbilled Revenue 
Accounting Practices, Municipal Depreciation 
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Treatment of Open 
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Air Distribution System 
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Cleaning 
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Thickening 
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(48) R-211 


(44) R-222, (46) R-238 
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("46) R-48 
"46) R-55 
"47) R-81 


Limits of Flammability 


Air-Lift Subaqueous Trencher 
Air Release for Sewage Pumps 
Air Sniffer Corrects Pump Pounding 
Algae Control (See also Taste and Odor Control) 
Activated Carbon 
Aquatic Vegetation 
Copper Sulfate Application 
Copper Sulfate Distributing Craft 
Copper Sulfate Dosage Determination 
Swimming Pools 
Aligning Method 
Alkalinity— 
Effect on pH 
Equivalents 
Relation to COs and pH 
Significance in Sewage 
Altitude Effect on Pumps 
Ammonia, Anhydrous 
Ammonia—Chlorine Treatment— 
Transmission Mains 
Tuberculation Prevention 
Ammoniation, Aqua 
Amperemetric Titration Apparatus for Res. Chior 
Analyses— 
Sewage and Effluent 
Water, Interpretation of 
Analytical Methods— 
Bacteria in Water 
Chlorine Demand 
Hydrogen Sulfide 
Most Probable Numbers 
Residual Chlorine 
Settleable Solids 
Sludge Solids 
Sludge Solids by Centrifuge 
Sulfide 
Suspended Solids 
Anhydrous Ammonia 
Anthrafilt Filter Media 
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Areas of Circles, Squares, Roots 
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Arsenite-Ortho-Tolidine Test, Direct Reading 


B 


(49) R-97 
(50) R-109 
(45) R-119 
(48) R-151 
(47) R-118 

(49) Mag. 186 
(45) R-46 


R-275 
(50) R-100 
(48) R-242 
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(46) R-161 
(41) R-117 
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Oxidation (50) 


(60) R-49 
(50) R-49 
('41) R-95 

('49) Mag. 171 


('42) R-250 
(46) R-148 


(46) R-171 

(°48) R-157 

(45) R-263 

(48) R-60 
(49) Mag. 171 
(46) R-208 
(50) R-168 
(41) R-222 
(40) R-173 
(45) R-262 
(41) R-117 
(49) R-57 
(46) R-141 
(41) R-95 
(48) R-147 
(47) R-237 
(60) R-115 
(47) R-274 
(46) R-167 


(46) R-167, (48) R-159, 


(46) R-257, 


Backwashing Ion Exchangers 
Bacteriological Procedure 


("49) 
("45) R-155, 


Mag. 182 
('46) R-171 


(41), (42), 


(49) or (BO) 


(48) R-182 
R-160, R-161 
(49) R-101 


Beach Balls for Sewer Cleaning 
Beams, Safe Loading of 
Behavior of Chiorine as a Water Disinfectant 
Bells, Suction, Submergence and Spacing of (46) R-83 
Bending Pipes (46) R-77, (49) R-43, (50) R-70 
Bicarbonate Alkalinity Effect on pH “46 275 
Bids Pump, Method of Evaluation 
Biofiltration System 
Block and Tackle Chart 
Blowing Out Service Lines 
B.O.D. Calculations 
Books on Wa and Sewage Works 

Filter, Porous Plate 
Branches—-Number and Size Main Wil! Supply 
Brass and Copper Pipe, acity and Pressure Drop Through ("48) R-266 
Brassert Automatic Self Cleaning Strainers (°42) R-114 
Breakpoint Chlorination (47) R-159 
Bulking, Activated Sludge (See Activated 
Bushings, Pipe from Standard Pipe 


Cc 


Surfaces 


(49) 


(50) 

(49) R-99 
(47) R-99 
('48) R-208 
(60) R-13 
("46) R-139 
(47) R-38 


(41) R-189, 


Sludge) 


(47) R-69 


Caleulation of Areas, Volumes (47) R-274 
Caleulators— 

(50) Mag. 219 
(44) R-43 


(50) R-101 


rR 
KVA-KW-HP 
Calgon Treatment 
Capacity— 
Brass and Copper Pipe 
Cylindrical Tanks 
Pipe 
Pipe Lines, Relative 
Reciprocating Pumps 
Rectangular Weirs 
Relation to Head, Efficiency, 
Sewer Pipe 
V-Notch Weirs 
Water Well 
Carbon, Activated 
Carbonate Alkalinity Effect on pH 
Carbon Dioxide, pH, and Alkalinity Relationships ('46) R-274, 
Casings, Cleaning Meter, by Sand Blasting 
Cast Iron Mains— 
Cement Lining in 
Cutting 
Cathodic Protection— 
Costs of Equipment 
Mechanical Sewage Filters 
Requirements 
Sludge Digestion Tank Parts 
Theory 
Caulking, Pneumatic 
Causes and Prevention of Water 
Cavitation in Pumps 
Cement Lining— 
Distribution Systems 
Mains in Place 
Centrifugal Pumps 
Automatic Operation 
Maintenance 
Peculiarities 
Centrifuge Methods— 
Sludge Solids 
Suspended Solids 
Centriline Process for Lining Pipe Lines 
Change Gear, Gauge for Meter 
Channel Flow Measurement— 
Circular 
Conduit 
Open 
Rectangular 
Sewer 
Characteristics of Natural Waters 
Charge Formulas for Industrial Wastes in Municipal Sewage 
(48) R-166, (°49) 


(48) R-135, 
(48) R-266 
(47) R-32 
(42) R-274 5 
(47) R-263 
(48) R-54 
(47) R-273 
(47) R-267 
(49) R-123 
(47) R-272 
(47) R-112 
(49) R-97 
(46) R-275 
(48) R-242 
('46) R-124 


hp. 


7) R-109, 
7) R-135, 


4 
(4 


R-51 
R-91 


('45) 


-75, 


R-96, 
R-111, 


(46) 
(47) 


Place 
("44) 


(49) Mag. 177 

(46) R-235 
("49) Mag. 175 
(46) R-242 
('48) R-109 
(47) R-89 
(50) R-57 
(48) R-51 


(48) R-83, 


R-51 
R-96 
R-21 
R-78 
R-63 
R-41 


46) 
(45) 
('47) 
("46) 
(44) 
("49) 


(44) R-59, 


R-222 
(45) R-262 
(46) R-51 
(47) R-111 


(4) 


45) Mag. 201 
(48) R-273 
('48) R-173 
(46) R-272 
R-266, R-270 
(46) R-146 


("46) 


Mag. 200 
Charts— 

Acres in Plot of Ground 

Cireular Excavations 

Conversion GPG to Lb. per Mil. Gal. 

Dry Chemical Feeder 

Zquivalent Pipes 

Expansion 

Friction for Valves and Fittings 

Loop low 

Loss of Head in Pipes 

Per Cent Sludge Digestion 

Pipe Flow 

Pumping Cost Determination 

Sewage Works Operation 
Checking Chart for Dry Chemical Feeders 
Checking Pump Efficiencies 


(49) Mag. 194 
(50) Mag. 213 
(47) R-120 
('48) R-272 
('48) R-81 
(48) R-178 
(47) R-52 
(48) R-81 
(50) R-52 
(46) R-256 
(47) R-18 
(47) R-266 
(47) R-249 
(48) R-272 
...(°44) R69 


(47) R-42, 


(46) R-268, 
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(43), (44), (45), (46), 
R-113 
R-156 
R-&85 


146) 


Checking Water Hammer 
(49) 


Cheek Sheet, Lubrication 
Check Sheet, Pump Trouble (46) 
Checks on Water Works Operation ("46) R-15 
Check Valve Slam, Elimination of (46) R-112 
Check Valves, Traffic Cops of the Mag. 138 
Chemical Analyses of Water, Interpretation of R-148 
Chemical Feeder, Inexpensive (47) R-246 
Chemical Feeders, Checking Chart for Dry (48) R-272 
Chemicals Used in Water and Sewage Treatment Mag. 184 
Chemicals, Weights per C Ft. of Dry 50) R-107 
Chemical Tre ent of Seapy Waste Waters 46) R-25 
Chemical Weed Control (47) R-121 
Chemistry of Water Treatment R-«69 
Chierination— (See also Chiorine) 

Activated Sludge Density 


Pipe Line 48) 
(46) 


9) 


49) 
R-197 


R-211 
R-49 


Control by ay) 
Aero- 

Ammonia-C hlorine 
Automatic Control 
Chicago Filtration 
Chioramine Treatment 

Effluent 

Filter Chlorination to Maintain Cleanliness 
Manganese Removal by 

Contemporary 


Transmission Mains (‘46 7, (oO) 
50) R-141 
Mag. 161 

46) R-57 

49) R-135 
"45) R-159 
(47) R-159 
(47) R-131 

R-137, (50) R-141 
R-212, ('47) R-199 

(47) R-5S 


Process for 
of Raw 


"lant 49 


Sewage Chlorination 


Practices 
Sewage 47) R-243, (49) 
Sludge Index Control by ‘ 
Transmission Mains 
Chierine— 
Behavior as a Water 
Cleaning Filters With 
Control of Act. Sludge 
Cylinder Carriage 
Demand, Determination of 
Handling 
Handling and Use 47) Mag 
Problem (47) R-129 
Manual (47) Mag. 256 
R-142 
Main 7) R-55 


R-101 
R-159 
R-212 
R-145 
("48) R-157 
(47) R-12 


49) 
("45) 
(45) 
("46) 


Disinfectant 


Bulking 


256 
lee 
Institute 
Liquid 
Maintains Capacity of Transmission 
Purging of Diffuser Plates 
Recovers Well Capacity 
Residual, Test for 
Residual, O-T-A Test 
Residual, Amperometric Titration 
Utilization by Sewage During Septici ation 

Chierine Demand Determination, The 

Chierine Dioxide— 

Sporeecida!l Properties 
Treatment of Water 

Chiere-aeration for Degreasing Sewage 

Circles, Squares and Roots 

Cireular Channels, Conduits and Sewers, 

(45) Mag. 201, (46) R-270 
© Orifice for Flow Measurement 
Excavations 
ti of Cc ties for 

Classified Index of Products 

Clay Sewer Pipe, Velocity and Discharge in 

Cleaning and Cement Lining Distribution Systems 
: and Rehabilitating Wells 

Encrusted Pipes and Vacuum Filters 

Cleaning Filters with Chlorine 

Cleaning Filters with Sulphur Diexide 

Cleaning Lime Solution Lines 

Cleaning Mains with Compressed 

Cleaning, Mechanica! Sewer 

Cleaning Meter Casings by Sand Blasting 

Cleaning, Painting, and Protecting Steel Water Tanks 

(43) R-182 


for 


Flow Measurement 


R-272 


Fire Insurance Rates 





(48) R-270 
(46) R-51 
(47) R-10 
R-161, R-241 
(45) R-159 
(46) R-135 
(45) R-241 
(47) R-#1 
7) Mag. 251 
(46) R-124 
(49) R-51 
(46) R-192 
‘'48) R-182 


46) 


Air 


Cleaning Sewers with Rubber Beach Balls 
Cleaning, Water Main 
“C” Line for Friction Losses 
Coagulation— 

Aid with Colloidal 

Chemistry 

Ferrie Salt 
Coefficients, Friction, Pipe Line 
Coils or Rells, Length of Materia! in 
Coliform Bacteria, Most Probable Numbers Table of 
Collecting and Washing Grit 
Collecting Flecculated Samples 
Collection of Joint Water and Sewer 
Celleidal Silica Coagulation Aid 
Colter Cede Your Plant 
Columns, from Standard Pipes 
Combastion Engines Internal, Fume Trap 
Commercial Pipe Sizes for Fire Streams 

Maint 


Silica 


Accounts 





Cc e 
Compressed Air— 

Cleaning of Mains 

Clears Corroded Service Lines 

Dewatering of Mains 
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Pipe Cutting 
Computing Horsepower from Revolving Watt-Hour Meters 
Coneentric Orifices 
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("41), (42), 
(47), (48), (49) or (50) 
Concrete Pipe, Flow in 
Concrete— 
Proportioning 
Quantities of materials 
ondition of Mains, Determining the 
enductivity of Insulating Materials, Therm 
onduit and Channel Flow (See Channels) 
ene Valves in Distribution System 
onical Piles, Contents of 
entact Beds for Corrosion 
ontents of Conical Piles 
ntents of Horizontal Cylinders 


1, R-273 i7) R-49, R-2 


0) R-82 
R-160 

R-37 
R-107 


(46) 
"oO 


50) R-37 
(60) R-122 
49) R-9! 
50) R-122 


ontrol, Lim. st 
and Tank 
45) R 
Contents of Horizontal Tanks and pipe 
Centinuess Stability Indicator, Enslow 
Contrivances in a Sma!) Treatment Plant 46) 
Control Flumes for Grit Chambers, Design « 
Centroller for Feeding Milk of Lime 
Controlling Grit Chamber Velocities 
Centro! of Filter Flies 
Centro! of Insects by D.D.T 
Control of Taste and Odors 
Centro! ef Velocity in Grit Channels 
Control of Weeds, Chemical 
Conversion Tables— 
Decimal to Fraction 
Engineering data 
GPG to Lb. /Mil. 
Metric 
Cooling Scheme, Underground Water 
Copper and Brass Pipe, Capacity and Pressur 
Copper and Health 
Copper Sulfate— 
Algae Control 


gs) 


R-250 
16) R-169 
R-209 
R-182 


Gal 

(50) 

("48) 
4m) 
iv) 


R-266 
R-154 


Lowes Throuch_ ( 


50) 
R-151 


(48) 


R-109 
R-152 
R-151 
R-245, (49) R-132 
(49) R-132 
(47) R-29 
(44) R-105 
(46) R-117 


R-152 9) R-96 
"4m) 


('47) R-118, (48) R-151 

A pplication 

Distributing Craft 

Root Killing in Sewers 

Sewer Maintenance 
Correction of Water Hammer 
Correction of Water Waste Leakage 
Correct Rates of Flow for Testing Dise Meters 
Cerresion (Also Sce Cathodic Protection) 

Control by Calgon 45) 


(44) R-246, (4 


(44) R-66 R-106 


16) 


R-151 ("50) 
wo) 
(49) 
("60) 
("49) 
("49) 
("48) 
"30) 


R-101 
R-105 
R-91 
R-101 
R-87 
R-84 
R-128 
R-95 
R-58 
R-155 
R-149 
R-127 
R-101 
R-109 
R-242 
R-169 
R-49 
R-155 


Lime 
Limestone Contact Beds 
ontrol by Threshold Treatment 
ontrol in Water Systems 
Control of Metal 
Dissolved Oxygen Effect on R-149 
Fundamentals of process ‘ 
Indicator ("46) 
Measurement of (47) 
Mechanism 47) 
Prevention ("48) 
(45) R-151, (50) 
R-235, R-242, (°48) 
46) 
(46) 
R-57, (50) 


(47) 


ontrol by 


Cc 
Control by 
( 
( 


(46) R-163 


Corrosion 


Tuberculation 


(Calgon Treatment) 
(48) R-83 


Prevention 
Protection (Cathodic) 
Sludge Digester Parts 
Stability Indicator 
Tuberculation Checked by Chloramine 16) 
Tuberculation Measurement 

Cerresivity Indicator 

Control of Water Quality with Calgon 

Cost of Leaks 

Cost of Leaks, Air, Steam, Water 

Cost of Mains, Estimating the 

Cost of Pamping Water, Determining 

Cest of Sludge Removal, Reducing 

Costs of Water Stated Rates per 1000 Gallons 

Costs of Water Main Extensions 

Costs, Pamp Power; Method of Determination 

Court Decision on Water and Sewer Rents 

Cross Connections— 
Elimination 
Rules (49) R-23 

Current Flow and Heat Production (50) R-127 

Curve for Determining Flow in Comporents of Paralle! Pipe Systems 

(47) R-39 
(46) R-80 

(48) R-125 


46) 


(46) R-221 


(47) R-103 


Curves, Specific Speed 

Customer Service Meters, Selection o 

Cutting Pipes (See Cast Iron Mains) 

Cylinders and Cylindrical Tanks— 
Capacities per foot depth 
Horizontal (45) R-270 

Areas 

Capacities 


(50) R-20 
(50) R-20 
(47) R-237 
(50) R-20 


Capacities (47) R-264, (48) R-250 
Surface 
(48) 


Vertical R-250, 


D 


Data— 
Engineering 
Evaluation of Sewage Works 
Under Glass Table Top 
Variability of 
D.D.T. for Insect Control 
Decimal Equivalents of Fractions 
Deep Well Pumps (See Pumps, Deep Well) 
Deep Wells (See Wells) 





REFERENCE AND DATA INDEX—1941 through 1950 


All subjects in this and previous 


(743), ('44), 


Defense Measures for Sewage Works 
Degreasing Sewage 


Delivery Capacity and Pressure Drop Through Ccpper a d Drass Pipe 


Density - Volume Ratio of Sludge 
Depreciation, A-B-C of 
Depreciation Accounting Practices, Municira 
Depth and Flow in Channe!s and Conduit 
Depth Gauge Warns of Intake Troub!l Re« 
Design— 

Air Distribution Systems, Activate! 5S 

Filter 

Grease Interceptors 

Grit Chamber 

Crit Chamber mtrol Flume 

Pressure Tanks for Smal! Servic 

Sewer 

Sludge Pumps 

Standard Water Service 
Destructive Gases in Sewers and Plant 
Detection of Waste Water in Sewer F 
Detector, Sludge Blanket 
Determination of — 

Condition of Mains 

Efficiency of Cooling Towers, Spray Pond 

Equivalent Pipe 

low in Parallel Pipe Systems 

Head, Capacity, Efficiency, Horsepower 

Most Probable Numbers 

Per Cent Digestion 

Power Cost 

Pumping Costs 

Sand in Well Water 

Size of Sanitary Sewers 

Sludge Filtration Data 

Yardage on Reels or Drums 
Developing and Drilling Deep Wells 
Development of Rock Wells 
Device for Feeding Lime Solution Into Mains 
Diagonal Pipe Rens 
Diagrams— 

Pipe Flow 

Sewer Pipe (Clay) 
Diesel Engine, Fume Trap for 
Diffuser Media (See Activated Sludge 
Digestion (See Sludge Digestior 
Directory of State Sanitary Engineers 
Direct Reading OTA Test 
Discharge Tables— 

Clay Sewer Pipe 

Hydrant 

Parshall Flume 

Sprinkler Heads 
Dise Meter Testing 
Disinfection 


(47) R-243, ('49) I 135 5 Mag. 211 


Dissolved Oxygen— 

Influence on Corrosion 

Per Cent Saturation Nomograph 
Distribution— 

Cone Valves 

Flow (Hardy Cross Method) 

Loop Flows 

Repair of 

Storage 

System 

System Extensions, Financing 

Uprating With Cement Lining 
Dosage Control— 

Copper Sulfate for Algae 


ssues are listed with the respective keys,—('41), ("42), 
), (46), (47), (48), (49) or (50) 


Data & hp (48) R-101 
Heat at Pump Statior 46) R-123 
Motors and Controls, Protection of (47) R-215 
Thawing 5) R-40, R-42 
Electricity in the Plant, Practica (47) R-59 
Electronic Pipe Finding and Leak Loca.ing 47) R-101 
Elevated Storage 
(44) R-91, ('46) R-73 1-6 49) 1, (50) R-41 
Employee Profit Sharing Plan ("4 Mag. 143 
Encrustration Removal 43) R-220 : ‘ 1, (48) R-158 
Engineering Data and Conversion Factors (47) R-262 
Engines (See Gas Engines) 
Enslow Continuous Stability ladi-ator 46) R-169 
Entrance Losses, Hydraulic ("47) 
Equation of Pipes (47) 
Equilibrium, lonic, in Water ("45) 
Equipment — 
Sewage Work 9) Ma 201, R-124 
Sewage Laboratory (47) R-255 
Water Work (42) R-109 
Main Sterili ation (50) Mag. 214 
Equivalents— 
Alkalinity 50) R-100 
Conversion Factors 47) R-262 
Decimals to Fractions (50) R-94 
Pipes ) R-42, (48) R-81 
Heat and Power (47) R-176 
Metric (50) R-85 
Ounces of Water and Mercury (47) R-176 
Estimation of — 
Accounted for Water 48) R-100 
Cost of Mains (42) R-104 
Food Waste Loading on Sewers (50) R-169 
Hydrant Flow (46) R-67 
Length of Rolls or Coils (48) R-165 
Sludge Solids by Centrifuging (41) R-222 
Evalution— 
Pump Bids ("46) 
Sewage Works Data (47) 
Sludge Heating Methods (48) R-239 
Examination of Water, Bacteriological Procedure for (46) R-171 
Examining 100 Mi. Portions of W (45) R-155 
Exchangers, Backwashing lon (49) Mag. 182 
Excavations, Circular (50) Mag. 218 
Exclusion of Oil Waste from Sewers ("46) R-195 
Expansion Chart, of Pipe. Bar, Rail or Beam (48) R-178 
Extension of Mains— 
Cost of (47) Mag. 229 
Financing (49) R-17 
E-Zee Bee-O-Dee (48) R-208 
F 
Factors and Data (47) R-26 
Factors in the Pollution of Subsurface Water, Basic (46) R-2 
Feeding Devices, Chemica! 
Anhydrous ammonia (41) R-117 
Dry Chemicals (48) R-272 
Lime (°46) R-115, (48) R-132 
Suspensions ("46) R-175 
Ferric Salts— 
Ferrie Chloride 
For Coagulation . 
Fertilizer, Sludge (43) R-264, ("47 -228 »¢ 7 
Field Maintenance of Larze Meters (42) R-128 
Filters— 
Anthrafilt (49) R-57 
Bed Maintenance ('43) R-155 
Bottoms, Porous (46) R-139 
Cleaning Encrusted Vacumm (46) R-241 


2 
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Chlorine for Sewage : (50) - . _ : 
2 Cc) w c ° 

Dressing Rig, Vacuum Filter (42) Cleanhen a a (45) R-159 

Drilling and Developing Deep Wells (°46) R- Design ~_ 


Drinking Water Standards, U.S (46) Mag Mud Balls in (46) R-155 
A I -15i 


Drums or Reels, Yardage on 
Dry Chemical Feeders, Checking Chart for 
Dry Chemicals, Weights Per Cu. Ft 
“Dry Cleaning” Air Diffuser Plates 
Dual Fuel Engine 
E 

Earth Trenching 
Economic Aspects of Water Softening 
Effective Fire Streams 
Ffficiencies— 

Centrifugal Pump 

Cooling Towers, Spray Ponds 

Pump 

Relation to Head, Capacity & hp 
Effluent— 


Plant Renovation and Rustproofing (46) R-127 
Sand Specifications (60) R-76 
Sweep (°43) R-155 
Vacuum, Rig for ("42) R-242 
Washing (49) R-61 
Filtration Data, Sludge (47) R-239 
Financing— 
A-B-C of Depreciation (47) Mag. 237 
Distribution System Extensions (49) R-17 
Sewage Worksx (41) R-129, (47) R-161, (49) R-109, R-112 
Sewage Works Operation ("44) R-164 
Fire Hydrant— 
Discharge Measurements (46) R-61 
Flow Estimation (46) R-67 
Flow Gage (45) R-50, (60) R-46 
Flow Required by Nat. Bd. Underwriters (46) R-64 
Maintenance (47) R-87 


Analyses (42) R-250 Thawing (46) R-42 
Chlorination (49) R-135 Fire Insurance Rates, Classifying Communities for (50) R-38 
Ejector and Washer, Grit (49) R-124 = Fire Protection, Water Supply in (48) R-71 
Electric— Fire Streams— : 
Calculator PR (50) Mag. 219 Commercial Pipe Sizes for (46) R-64 
Calculator KVA-KW-HP (44) R-43 Effective Fire Streams Table 47) R88 


W. & S. W.— Rererence & Data— 1950 








REFERENCE AND DATA INDEX-—1941 through 1950 


All subjects in this and previous issues are listed with the respective keys,—('41), (42), 
(43), (44), ('45), (46), (47), ('48), (49) or ('50) 


Fittings— 
Friction Chart for Fittings 
Loss of Head in 
Screwed, Offset Chart for 
Fixtures, Water Requirements of 
Flammability of Gas-Air Mixtures, Limits of 
Fleceulated Samples, Collecting 
Flee Formation and Colloidal Silicia 
Flew (Also See Hydraulics) 
‘apacity in Sewers 
Yireular Channel 
‘ireular Conduit 
‘reular Sewer 
Concrete Pipe 
Conduit or Channel 
Fire Hydrant 
Fixture Uses and Rater 
Friction, Measurement, 
Gage for Sewers 
Grid System 
Grit Chamber 
House Service 
Loop 
Measurement by Concentric Orifices 
Measurement by Orifice Method 
Open Channel 
Parallel Pipe Systems 
Parshall Flume 
Pipe 
Mag. 126, ('45) R-274, (46) R-271, (47) R-269, ('48) Mag 
Powergraph 
Pulsating 
Rates for Fixtures 
Rectangular Channel 
Traperoidal Conduit 
Flucridation— 
Policy and Procedure 
Public Water Supplies 
Flume, Parshall, for Grit Chambers 
Flames for Grit Chambers, Design of 
Flushing of Smal! Mains, Compressed Air 
Flashing, Sewer 
Forced Circulati Heat Exch 
Forecasting Reservoir Shoreline Erosion 
Formulas— 
Kutter’s 
Industrial Waste Service Charge 
Manning's Open Channe! Flow 
Scobey’s 
Freezing of Small Pipes for Repairs 
Freezing of Tank Risers, Prevention of 
Friction Lose— 
Fittings 
Fittings and Pipes 
Fittings and Valves 
Hydraulic Entrance 
Mains 
Measurement 
Pipe Lines 
Pipe Coefficients 
Valves 
Frost, Protecting Water Pipes from 
Fume Trap for Diesel and Internal Combustion Engines 
Functions of Numbers 


(47) R-52 
(47) R45 
(48) R-266 
(46) R-117 
(46) R-201 
(46) R-141 
(44) Mag. 211 


(42) R-69, 


(46) R-271, R-273, ("47) R-271, 
('46) R-61, R-64, R-67, (50) 
(47) R-92 
(44) R-17 
('44) R-193 
("40) R-44 
(40) R-138 
(47) R-145 
(48) R-81 
(46) Mag. 129 
(46) R-39, R-124 
("48) R-173, R-270 
(47) R-39 
(54) Mag. 207 
(48) 
125, R-268 
(47) R-268 
Mag. 289 
("45) R-117 
(46) R-272 
(48) K-273 


(45) R-50. 


Power 


(46) R-266 


(al) 


(50) R-92 
(50) R-87 
("40) R-138 
(47) R-182 
(46) R-55 
(46) R-192 
(50) R-173 
(50) R-113 





R-168, ('48) R-270 
(49) Mag. 200 
R-266, (48) R-270 
(46) R-273 

("48) R-124 

("49) R-90 


(44) 


(46) 


("44) R-34 
(47) R-45 
(47) R-52 
("47) R-270 
('46) R-37 
(44) R-17 
(46) R-268, ('47) R-46, (50) R-53 
(42) R-59 
(47) R-52 
(47) R-100 
("46) R-20 
("46) R-269 


(42) R-#9, 


(42) R-69, ("44) R-34, 


G 


(ages— 
Fire Hydrant 
Meter Change Gear 
Recording Depth 
Sewer Flow 
Standard Gages for Sheets & Wire 
Gallons in Water Supply Pipe (Nomograph) 
Ga 


(50) R-46 
(47) R-111 
("45) R-18 
(46) R-198 
(60) R-114 
(48) R-54 


(45) R-50, 


(47) R-217 
(49) Mag. 187 
(50) R-169 
(46) R-201 


rbage— 

Digestion With Sludge 

Grinders 

Leading on Treatment Works 
Gas-Air Mixtures, Limits of Flammability 
Gas Engines— 

Dual fuel 

Fume trap 

Installations 

Maintenance 

Operation 


(50) R-126 
(46) R-20 
R-254, R-255 
(47) R-205 
(46) R-259, (47) R-205, ('48) R-251 
(48) R-255 

(46) R-259 


("48) 


Performance 
Power Generation 
Gases at Sewage Plants— 
(47) R-185 
(46) R-199 
(46) R-261 
(48) R-265 
(47) R-84 
(49) R-90 
(47) R-120 
(49) R-120 
(60) Mag. 195 
& Operation of (48) R-176 
Sewage (41) R-195, (43) R-211, (°45) R-233 
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(42) R-217, 


Cleaning Diffuser Plates 
laintenance 


. Per Million 
Size of Sanitary Sewers 
tistics 


(40) R-44 


Grid System Flow 
(43) R-194 


Grinding Sewage Screenings 
Grit— 

Collection 

Ejector 

Removal 

Washing 
Grit Chambers— 

Design 

Flumes (design) 

Velocity Control 
Ground Water Infiltration Studies 
Guides and Checks on Water Works Operation 


H 


Hammer, Water (See Water Hammer) 
Handling— 
Anhydrous 
Chlorine 
Packing 
Pipe 
Sludge 
Handy Data 
Hardness and Iron Removal 
Hardness, Water Removal 
Hard-Spot Breaker, Mud-Bal! and 
Hardy Cross Method 
Hazards at Sewage Plants, Gas 
Head (Also See Hydraulics) 
And Flows in Pipe Systems (Hardy Cross) 
Loss in hydraulic entrance 
Loss in fittings 
Loss in Pipes 
Loss in Valves 
Relation to Capacity, Efficiency & Hp 
Relation to Pressure in Psi. 
Health and Copper 
Heat and Power Equivalent 
Heat Exchanges for Digestion Tanks 
Heating Siudge Digesters (See Sludge Digestion, Heating) 
Heat Production and Current Flow 
High Rate Filter Performance 
Hints for Handling Packings 
Horizontal Cylinders and Tanks, Contents of 
Horsepower— 
Caleulator 
Computing from Watt-Hour Meters 
Relation to Head, Capacity, Efficiency 
Relation to Electrical Data 
Hourly Load Variations in Sewage Works 
House Connection, Temporary Sewer 
House Service Pipes, Flow of Water in 
Humidity Chart 
Hydrants (See Fire Hydrants) 
Hydraulic Pumping Ram 
Hydraulics— 
Channel and Conduit Flow 
Channel—Open Flow 
Channel— Rectangular 
Friction Loss Entrance 
Friction Loss— Fittings 
Friction Loss-- Mains 
Friction Loss Measurement 
Friction Loss Pipe 
("42) R-59, ('44) R-28, (46) R-268, (47) R-45, R-46, (50) R-53 
Friction Loss— Valves (42) R-69, ("44) R-34, ('47) R-52 
Kutter’s Formula ('44) R-168 
Manning's Formula (48) R-270 
Practical (48) R-13 
Power Lift Chart ('42) R-270 
Theory and Practice (45) R-43, (48) Mag. 125, R-13 
Hydrogen Sulfide Determination (45) R-263 
Hypo-chiorinator, Inexpensive (47) R-246 


(41) R-156 

(49) R-124 

(41) R-144 

(41) R-156, (49) R-124 
R-144, R-152 
(47) R-182 
(47) R-180 
(47) R-169 
('46) R-15 


(41) 


('40) R-138, 


ammonia 


(49) Mag 
(46) R-1 
(46) R-157 
(46) R-155 
48) RSI 
("46) R-199 


(43) R-51 
('42) R-217, 


(44) R-28, 


(48) R-79 
(47) R-264, ("48) R-250 


(44) R-43 
(46) R-114 
(47) R-267 
(48) R-101 
('46) R-207 
(50) R-125 
(47) R-145 
('40) R-200 


(50) R-94 


48) R 
(48) R 
(46) R-272 
(47) R-270 
(44) R-34, ('47) R-45, R-52, R-53 

(46) R-37 

(44) R-17 


“273 
(46) R-266, ~173 
27: 


7 
7 
7 
7 


(50) Mag. 219 
(49) R-161 
(47) R-129 
(42) R-118 

(48) Mag. 155 
(49) R-109 
(47) R-225 
(50) R-69 
(50) R-21 
(46) R-23 
('48) R-220 
(46) R-23 

(50) R-1 
(46) R-58 
(46) R-169 


FR Calculator 
I-Beam Loadings 
lee Chiorine, Solving Problem 
lee, Protecting Reservoir Against 
Imhof Tanks 
Imprevements, Financing Sewage 
Incineration of Sludge 
Inclined Diagonal Pipe Runs 
Increases in Water Rates 
Increasing Well Production 
Incrustatien in Lime Solution Lines 
Incrusted Wells, Treating 
Index of Products 
Indicator, Corrosivity 
Indicator, Stability, Enslow Continuous 
Industrial Waste— 

Service Charges 

Seapy Waters, Treatment of 
Infiltration Studies 
Information on Water and Sewage Works 


(48) R-166, (49) Mag. 200 
(46) R-253 
(47) R-169 


(50) R-13 





REFERENCE AND DATA INDEX—1941 through 1950 


All subjects in this and previous issues are listed with the respective keys,—("41), ("42), 
('43), (44), ('45), (46), (47), (48), (49) or (50) 


Inhibited Acid for Cleaning Encrustation Gate Valve 
Inlet and Manhole Traps for Sewer Odors Gas Engine 
Insect Control with D.D.T "47 235 Elevated Tanks 
Instruction by Wall Panel Filter 
Installation of Sludge Pumps Filter Bed 
Insulating Materials, Thermal Conductivity of (50) R-107 Filter Plants 
Insurance Protection for Municipal Water Departments (50) R-23 Gate Valve 
Insurance Rates, Fire (50) R-38 Hydrant ‘ 
Intake Troubles (45) R-50 Meters ("49) R-48 
Interceptors, Grease (48) R-176 Meters, Water (Large) ('42) R-121, R-128, ("45) R-253 
Internal Combustion Engines, Fume Trap for ('46) R-20 Pumps, Deep Well oo = (°47) R-118 
Interpretation of Sewage Analyses (42) R-250 Sewage Pumping Stations - ‘ 47) R-177, ("48) R-217 
Interpretation of Water Analyses ("46) R-148 Sewer (46) R-180, (47) R-166, (49) R-127, R-182, ("50) R-117 
lon Exchangers, Back Washing "49) Mag. 182 Standpipes von 42) R-89 
lonic Equilibrium in Water (45) R-156 Tanks 42) R-89, (°43) R-80, ('47) R-67, R-70 
Iron and Hardness Removal (46) R-153 Valve (40) R-96, (45) R-105 
Iron Removal—Small Systems (45) R-141 Water Works Equipment (42) R-109, ('46) R-127 
: Well Capacity (47) R-109 
J Wells (47) ~R-107 
Management, Problems in Municipal Waterworks (43) R-21 
Joint Administration Water and Sewage Accounts (°46) R-177 Manganese Removal (°48) R-143 
Joint Caulking, Pneumatic 47) R-89 Manganese Removal by Breakpoint Chiecrination ("47) R-159 
Jointing and Laying of Sewer Pipes (49) R-121 Manhole Odors, Traps for (47) R-172 
Jointing, Proper Sewer (47) R-171 Manholes and Sewers, Locating (49) R-134 
Manning's Formula Nomograph (48) R-270 
K Manual of Water Sanitation Practice ('43) R-128 
, , . , Manuals on Water and Sewage Works (50) R-13 
xv A-KW-HP Caleulater (44) 9 Manufacturers of Water and Sewage Works Products« (50) R-1 
Killing Roots with CuSO. (47) R-245 Mass Medication Experiments (50) R-87, R-92 
Kinks and Gadgets (46) R-209, (48) R-185 Satestaiip=n 
Katter’s Formula, Approximate (44) R-168 Cenanate 48) R160 
Pipe (46) R-33 
L Thermal Conductivity (47) R-64 
Laboratory Equipment for Sewage Plants (47) R-255 - - ( 46) R-170 
Lagooning, Sludge (47) R-231 I +, Survey of Elementary ‘ 48) R-55 
Land Measure (46) R-30, (°49) R-119 Flow Gage for Sewers . (46) R-193 
Lands, Reforestation of Water Works (47) R-18 Measuring Pump Performance During Operation (50) R-61 
Large Meter Maintenance in Field (42) R-128 Measurement— > a ; 
Laying and Jointing of Sewer Pipes (49) R-121 Flow Circular Orifices ‘ 46) R-39, B-12¢ 
Sess Flow Concentric Orifices { 46) Mag 129 
Costs (45) R-108, (47) R-200, (49) R-49, (°50) R-58 Flow—Open Channel . (48) R178 
Locating (47) =R-101 Flow —Pulsating (41) Mag. 289 
Hydrant Discharge (46) R-61 


(47) R-s4 
(47) R-205 
R-67, R-70 
(50) R-73% 
(43) R-155 
(46) R-127 
(47) R-B4 
(40) R-96, (47) R-87 


Prevention (50) R-57 4 ~ 
Studies (49) R-45 = ange ‘= a 
Legal Responsibilities of Water Operators (46) R-18 shee ; rr Fiction "4 . a 
Length of Material in Rolls or Coi's ("48) R-165 - weereuls a we ne (47) ~~ 5 
Lengths of Diagonal Pipe Runs 50) R-69 ener Aw Befom oe a Wes yb noe 

Levelling and Alixning Method (45) R-46 ensures Ser ense of Sewage Works - (43) Rel 
Measures of Land (44) R-55, (49) R-119 


gp eT (50) R-105 Mechanical Activated Sludge Plant . C48) R-209 
Feeding Controller cm beg Stee Cee Sate Oa = 
Sealine Device (46) Rell5 Mechanism of Corrosion of Water Pipes (47) R-149 

. t Water Utility Operations ('49) Mag. 178 
Lines, Cleaning (48) R-158 Mechenization of Wa! - €- . “a 
Slaking (48) Rel37 Mercury and Water, Equivalents in Ounces (47) R-176 
Softened Water, Stabilization of ('48) R-129 — Ale Diiunion Gee Activated States) 

Limestone Contact Beds for Corrosion Control (49) R-91 

Limits for Toxic Wastes in Sewage Treatment (50) R-177 

Limits of Flammability of Gas-Air Mixtures (46) R-201 4 “ > ay 

Eins Gamsent Osieutiter (45) Mag. 300 — (See Cathodic Protection) 

Lining Cast Iren Mains in Place With Cement Mortar (45) R-96 Gatien Chiat 46) R-12 

Liquid Chlorine ('46) R-142 Scie dime Mies lm Mane 

Literature on Water and Sewage Works (50) R-13 For - scteeccnl Sereton — se 

Live Steam for Sludge Digestion Temperature Control (46) R-239 Main Line . , 49) R33. C5 4 A -125 

Leading for I-Beams, Safe (49) R-161 Mai ee: (I > — i R-27, R-36 

Leading for Wooden Beams, Safe ('49) R-160 had ee P ne ses 42) R-128 

Lead Variations in Sewage Plants (°46) R-207 Methods — (42) R-121, ‘ 49) R-48 

Lecating Lost Sewers ard Manholes (49) R-134 P ile Type (47) R-15 

Leg for Small Sewage Plant (46) R-214 Rees -_ ve 50) R-35 

Logs for Small Water Plants (48) R-122 ee ae (47) R-76 

Loop Flow Distribution Charts > ge me ets (6). B-282 

Les Angeles, Elimination of Cross Connections in (47) R-103 Sei > ae ale Eas : ~ see ('46) R-119, ( 48) R-125 

Loss of Head (See Friction Loss and Hydraulics) chen Pr dl aks — Ce) in _— 

Lest Sewers and Manholes, Locating (49) R-134 =o ua ms cans y eum a 

Lubrication Check Sheet, A ('49) R-156 Watt-Hour ("48) . R-114 

Metric Conversion Table (50) R-85 
M Micro-organisms and Aquatic Vegetation (60) R-107 

Main Line Metering (49) R-33, (°50) R-27, R-35 Milk of Lime, Controller for Feeding (48) R-132 

Mains— Mitigation of Corrosion (50) R-96 
Branches (47) R-38 Moisture, Protection of Motors and Controls from (47) R-215 
Caulking Joints of (44) R-109 Most Probable Numbers Teble (48) R-66 
Cement Lining (45) R-096, ('46) R-5O Motors and Controls, Protection Against Moisture (47) R-216 
Cleaning (45) Mag. 192, ('47) R-78, R-81 Mud-Ball and Hard-spot Breaker (46) R-155 
Condition of (“C” Value) (°46) R-37 Mud Hog (Subaqueous Trencher) (48) R-258 
Cost of Estimating (42) R-104 Manicipal— 

Cross Connections ("47) R-103, (49) R-23 Depreciation Accounting Practices (45) R-15 
Cutting (44) R-75, R-111, (°47) R-91 Lands, Reforestation of (47) R-13 
Dewatering (46) R-48 Utility Profit Sharing Plan (46) Mag. 143 
Extensions (47) Mag. 229 Water Softening (47) R-141 
Flushing Small ("46) R-55 Water Works Management (43) R-21 
Sterilization (50) Mag. 214 Muriatie Acid, Inhibited (46) R-241 
Tapping (46) R-48 

Thawing Small (46) R-40 

Transmission Mains Capacity (60) R-49 National Board of Fire Underwriters, Fire Flow Requirements. ('46) R-64 

Maintenance— Natural Waters, Characteristics of (46) R-146 
Color Code for Plants (60) R-81 Nature of Variability of Data (60) Mag. 195 
Commutator (48) R-77 Nomog rap! ; 
Deep Well Pumps (47) R-113 Beam Loading (49) R-160, R-161 
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Corrosion (See Corrosion) 
Preparation for Painting 











REFERENCE AND DATA INDEX—1941 through 1950 


All subjects in this and prev ious issues are listed with the respective keys,—('41), ('42), 


('45), ('46), 


R-290 


('43), (44), 


(41) 
("48) 


Dissolved Oxygen Saturation 
Flow—Cireular Channe's 
Flow—Concrete Pipe 
Flow—Hazen-Williams 
Flow—Kutters Formula 
Flow—Mannings Formula "4 
Flow -Pipe 45) 
Flow—-Scobey Formula 
Horizontal Tank Capacity 
Hydraulic Entrance I 
Numbers, Roots and P: 
Pipe Capacity 
Pipe Size 
Power 
Pumping Costs 
Sludge Filtration 
V-Notch Weirs 
Neasle Replacement on Trickling Filters 
Number of Taps from Pipe of Various Sizes 
Number, Reynolds 
Numbers, Roots and 


(48) 
("48) 
(48) 
R-269, 
("46) 


Formula 


R-266, 
R-40 


aSeN 


wers 


of (Nomograph) 


Oo 
Oder Control in Sewage Plants 
Oder Removal (Also see Taste and Odors) 
Activated Carbon 
Algae Control for ('44) 
Aquatic Vegetation Control 
Micro-organism Control 
Sewers and Sewage Plants 
Offset Chart for Screwed Fittings 
Of] Waste Exclusion from Sewers 
Open Channel Flow (See Flow and Hv‘traulics) 
Operation (See Process or Equipment Desire 1) 
Operation Charts, Logs, and Reports— 
Sewage Works 
Water Works 
Operating Kinks, Sewerage 
Operators, Lega! Responsibility of 
Orifice for Flow Measurement (See Flow and Hvdraulics) 
Ortho-Tolidine—Arsenite Test (46) R-167, 
Ounces of Water and Mercury, Equivalents 
Oxidants and Reductants in Effiuents and Streams 
Oxidations, Alkalinity and Sewage " 
Oxygen, Dissolved, Influence on Corrosion 
Oxygen, Solubility of 
P 


Powers 


R-135 
R-97, 


(49) R-9T 
(60) R-109 
(50) R-109 
(44) R-127 
R-172, R-185 
(48) 266 
(46) R-195 


("47) 


R-127, (°46) R-173, ('49) 


("47) 


(47) R-247, R-299 
(48) R-122 
(48) R-185 
(46) R-18 


(46) R-214, 


(48) R-159 
(47) R-176 
(45) R-211 
50) Mag. 189 
('48) R-128 
("48) R-76 


Packing— 
Don'ts 
Handing 
Pointers 
Stuffing Box 
Painting— 
Color Code for Plants 
Damp Water Pipes 
Metals (Preparation for) 
Tanks, Steel Water ( 
Palmer Filter Sweep 
Parallel Pipe Systems, Determining Flow in 
Parshall Flumes— 
Discharge Table 
For Open Channel 
Grit Chambers 
Peculiarities, Centrifugal Pump 
Per Cent Saturation of Dissolved Oxygen 
Per Cent Sledge Digestion, Chart for Deter 
Percolation Test, Soil 
pH— 
Conversion Chart 
Effect on Alkalinity 
Measurement 
Relation to CO, 
Zones : 
Piles, Conical, Contents of 
Pipe— 
Rending 
Bushings from Standard 
Capacity 
Chart, All Purpore 
Cheek Valves 
Clay Sewer Discharve 
Cleaning Encrusted 
Columns (Safe) 
Concrete, Flow in 
Corresion Mechani«m 
Cutting 
Diagonal 
Equation 
Equivalent 
Equiva'ents 
Expansion Chart 
Finding, (Electronic) 
Fittings, Loss of Head in 
Flow 
Flow Diagram 
Flow in (see Flow) 
Freezing for Repairs 


("49) 
("48) 
("48) 
("48) 


R-104 

R-79 
R-222 
R-126 


(60) R-81 
(49) R-64 
(47) R-72 
(49) R-51 
("43) R-155 
(47) R-39 


(44) R-154 


‘47) ~R-67 


(45) Mag 
(48) 
("4) 
(49) 
(41) R-290 
(46) R-256 
(49) Mag. 192 


207 
R-173 
R-138 

R-41 


Flow Measurement 


mining 


(46) R-2 
(46) R-275 
("49) R-69 
(48) R-242 
("48) R-265 
50) R-12% 


and Alkalinity (46) R-274, 


(46) R-77, (49) R-43, ('60) R-70 
(47) R-69 
(4a) R-54 
(49) R-162 
(48) Mag. 188 
(48) R-270 
R-161, R-241 
(47) R-170 


Pip 


46) 


(46) R-271, R-273, 

(44) R-T75, 
Runs of 
of 


(Determination 


(47) R-45 
(48) R-268 
(49) R-18 


(46) R-271, 
(47) R-269, 


(48) R-124 
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('47), (48), ('49) or (50) 


(50) R-63 
(47) R-54 
(47) R-89 
i ) R-263 


Friction Loss (41) R-BO, (47) R-45, (48) R-2466 
Handling 
Joints, Caulking 
Line, Carrying Capacity 
Line, Friction Coefficients ('42) R-59 
Materials (46) R-33 
Painting Damp (49) R-64 
Parallel System, Flow in (47) R-39 
Protecting from Frost (47) R-100 
Sewer, Carrying Capacity (49) R-123 
Sewer, Discharge of (46) R-266 
Sewer, Laying and 49) R-121 
Sweating, To Stop (45) R-131 
System (Hardy Cross (43) R-51 
Velocity in ('46) R-276 
Piping Within Buildings. (45) R-19 
Pitometer Surveys (49) R-45 
Plates, Standard Gages (50) R-114 
Pneumatic— 
Caulking Pipe Joints 
Grit Washer and Ejector 
Storage Tanks 
Policy and Procedure on Fluoridation 
Pollution of Sub-surface Water, Basic 
Porous Air Diffuser Servicing 
Porous Plate Filter Bottoms 
Pounds per Million to Grains p:r Cal 
Power— 
Costs 


(44) R-154 


Jointing o 
Metho:l) 

Regu'ating Wat r 
for 


(47) R-89 
(49) R-124 
(49) R-53 
(50) R-92 
(46) R-24 
("46) R-230 
(46) R-139 
(47) R-120 


Factors in 


146) R-S6 
(46) R-86 
(47) R-54 

(46) R-259 

(47) R-176 

("42) R-270 
(44) R-17 

(47) R-268 

(42) R-278 
(47) R-72 

(41) Mag. 285 


Costs and Pump Bids 
Crane Truck 
Generation from Sludge Gas 
Heat Equivalents 
Hydraulic Lift Chart 
Measurement 
Powergraph, Flow 
Powers and Roots of Numbers (Nomograph) 
Preparation of Metals for Painting 
Preservation of Sewage Samples 
Pressure— 
Heads to Pounds ("45) 
Drop through Copper and Brass Pipe 
Tanks for Smal] Systems 
Prevention— 
Corrosion (See Corrosion) 
Freezing of Tank Risers 
Water Losses 
Problems in Municipal Waterworks Management 
Processes and Results, Sewage Treatment 
Products Index 
Profit Sharing Plan, Employee 
Propeller-Type Meters 
Properties of Chlorine 
Proportional Feeder 
Proportioning Concrete 
Protecting a Reservoir Against Ice 
Protective Coatings— 
Filter Plant Equipment 
Steel Water Tanks 
Protecting Water Pipes from Frost 
Protection of Motors and Controls Against Moisture 
Public and Water Rate Increases 
Public Relations in Water and Sewage Works 
Pumps— 
Air Release for Sewage Pumps 
Altitude Effect on Pumps 
Automatic Operation of Centrifugal 
Bids, Evaluating 
Capacity of Reciprocating 
Cavitation in 
Centrifugal 
Centrigugal, 
Centrifugal, 
Deep Well, 
Deep Well, 
Deep Well, 
Discharge 
Efficiencies 
Hydraulic Ram 
Maintenance 
Performance, Measuring 
Pounding Correction 
Sewage, Air Release for 
Specific Speed Curves for 
Suction Bells 
Sludge 
Terminology 
Trouble Check Sheet 
Pumping— 
Costs 
Seware 
Sludge 
Station 


(50) R-179 
(48) R-266 
(60) R-19 


R-283, (°46) R-79, 


(41) R-178, 


(47) R-246 
(50) R-82 
('42) R-118 


(46) R-127 
(49) R-51 
(47) R-100 
(47) R-215 
(50) R-21 
(47) R-17 


(47) R-67, 


(48) R-226 
(46) R-161 
(46) R-78 
(46) R-86 
(48) R-54 
(48) R-51 
(49) R-41 
(46) R-78 
(44) R-63 
(47) R-118 
(46) R-87 
(60) R-65 
(44) R-66 
(45) R-52 
(50) R-O4 
(44) R-63 
(50) R-61 
(46) R-84 
(48) R-226 
(46) R-80 
(46) R-83 
(46) R-219 
(44) R-62 
(46) R-85 


Pumps 


(44) R-57, (47) R-21, 
Automatic Operation of 

Conservation of 

Purchase and Maintenance 

Selection of * 

Testing 

Line Surge 


R-266 
R-173 
R-173 
R-123 
R-217 
(°48) R-217 
(44) R-62 
(48) R-47 


(45) R-101, (47 


) 
("47) 
("46) 
(48) 


(46) R-219, 
Heating 
Station Maintenance 
Station Operation 
Terminology 

Warm Water. 


(47) =R-177, 
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Purchasing Water Works Supplies and Services (50) R-1 


Purging Air Diffuser Plates with Chlorine 


Q 


for Concrete See x ry rtioning 

R-160 50) R-101 
(45) R-151 

R-124 


Quantities of Materials 
Concrete 

Qaeality of Water Control with Calgon 

Quick Freezing of Small Pipes for Repairs (48) 


R 


Radio Service in the Water Supply Field 
Rates— 
Air Conditioning 
Fire Insurance 
Water (Increases) 
Rates of Flow (Also see Flow and Hydrau!i 
Fixtures 
Meter Testing 
Rating and Sampling Wells 
Ratio of Sludge Density to Volume 
Reciprocating Pumps, Capacity of (Nomograrh) 
Recording Depth Gauge Warns of Intale Troub'es 
Records, Sewage Plant (Logs) 46) 
Recovering Well Capacity with Chlorine 
Rectangular Channel Flow 
Rectangular Weirs, Capacity of 
Reducing Cost of Sludge Removal 
Reducing Gas Hazards 


Reductants and Oxidants in Streams 


(45) R-211 
47) R-212 
(47) R-13 
(45) R-19 
(49) R 
("48) R-73 

(47) R-107 

(46) R-207 

('48) R-242 
("45) R-50 
("47) R-17 


Sewage Effucnts 
Reels or Drums, Yardage on 
Reforestation of Municipal Water Works Lands 
Regulating Water Piping Within Buildings 
Regulations and Rates for Water Used in 
Regulations, Water Works Rules and 
Rehabilitation and Cleaning of Wells 
Relation of Lead Variation to Sewage Plant Operation 
Relationship Between Alkalinity, CO: and pH Values 
Relationship Between Current Flows and Heat Productior 
Relations, Public 
Relative Carrying Capacities of Pipe Lines 
of Equa! Smoothness 47) R-2638 
Relative Sizes of Branches and Water Mains 47) R 
Relative Values of Alkalinity, pH and CO . R-274 
Removal— 
Grease 
Grit 
Hardness 
Hydrogen 
Tron 
Manganese 
Sand from Well Water 
Sludge (Cost of) 
Renovating Water Meters 
Renovation and Rustproofing Applied to Filter Plants 
Rents, Water Service and Sewer 
Repainting Steel Water Tanks 
Repair— 
Distribution Systems 
Pipes (Freezing of) 
Meter Shop 
Replacement of Trickling Filter No 
Reports for Sewage Plants 
Requirements, Water 
Reservoir— 
Protection 
Shoreline 
Silting (41) 
Residual Chierine, Tests for (46) R-167, 
Responsibilities of Water Operators, Legal 
Revenue Plan For Sewage Works Financing (44) R-164 
Revolving Watt-Hour Meters, Computing Horsepower from ('46) R-114 
Reynolds Number, Use of (48) Mag. 125 
Rig, Dressing, Vacuum Filter ('42) R-242 
Rock Trenching (°46) R-27 
Rock Well Development (45) R-51 
Rolls or Coils, Length of Materia! in (48) R-165 
Reots and Powers of Numbers (Nomowraph) (°42) R-278 
Root Killing with Copper Sulfate (49) R-182 
Routine Testing and Maintenance of Meters (49) R-48 
Rubber Beach Balls, for Sewer Cleaning (48) R-182 
Rules and Regulations, Water Works (48) R-73 
Rules, Connection (49) R-23 
Rustproofing in Filter (°46) R-127 


Air ¢ oning 


(41) R-195 
(41) R-144 
("46) R-153 
(46) R-261 
('46) R-153 
(48) R-143 
(42) R-114 
(47) R-227 
(47) R-76 
(46) R-127 
(46) R-221 
('47) R-70 


Sulfide 


(48) R-99 
("48) R-124 
(46) R-121 
(46) R-214 
(47) R-247 
(47) R-92 


Against Ice (42) R-118 
Erosion (50) R-118 
Mag. 267 
(°48) R-159 
(46) R-18 


Cross 
Plants 


Ss 


rd Pipes (47) R-170 
(49) R-161 
(49) R-160 
(46) R-145 
(48) R-102 
(46) R-124 


Safe Columns from Stan 

Safe Leading for I-Beams 

Safe Loading for Wooden Beams 

Safety Cylinder Handling Carriage 

Sampling and Rating Wells 

Sand Blasting for Cleaning Meter Casings 

Sand— 
Determination in (48) R-145 


Well Water 


Si] su>jects in this and previous issues are listed with the respective keys, 
(43), (44), (45), (46), (47), (48), (49) or (50) 


(’41), ('42), 


(42) R-114 

(50) R-76 

(60) Mag. 221 

f (49) R-120 
("43) R-128 

('46) R-273 

("46) Mag. 187 

(43) R-194 

(48) R-266 

('48) R-243 


Removal from Well Water 
Specifications for Filters 
Sanitary Engineers Directory 
Sanitary Sewers, Determining Sive « 
Sanitation Practice, Manua! of Water 
Scobey Formula 
Scope of Pitometer Surveys 
Screenings, Trituration of Sewage 
Screwed Fittings, Offset Chart for 
Scum Control in Digesters 
Selection of — 
Centrifugal 


Well 


(47) R-21 
(46) R87 
i6) R-119 
(48) R-125 
(50) R-27, R-35 
('42) R-114 
(49) R-112 
(47) R-2138 
(50) R-137 
(47) R-166 


Pumps 
Deep Pumps 
Meters 
Meters — Customer 
Meters Main Line 
Self-Cleaning Strainers, for Sand 
Selling Sewer Rental to Industry 
Separate Sladge Digestion Unit Operation 
Septicization of Sewage 
Service and Maintenance of Sewers 
Service Charges for Industrial Waste 


Service 


Removal! 


Special Sewer 
(48) R-166, (49) R-100 
Service Lines— 
Blowing Out J R-113 
House, Flow in 
Standard Design 
Thawing (Electrical) 
Services, Purchasing Water Works 
Servicing Porous Air Diffusers 
Settleable Sewage Solids, Determination of, by 
Sewabazooka House Connection 
Sewage— 
Alkalinity ( 
Analyses 
Chlorination R-137 
Effluent Chlorination 
Filter Fly Control 
Gas (See Sludge Gas) 
Grease Removal 
Improvement Financing 
Grit Chambers (40) R-138, (°41) R-144, R-153 
Load Variation 
Metering 
Odor Control 
pH Zones 
Plant Operation and S'uige Volume 
Pumping 
Pumping Stations 
Quality 
Screenings 
Septicization 
Settleable Solids 
Slide Rule for Operators 
Sludge Digestion with Garbage ('47) R-217 
Toxie Wastes 
Sludge (See Sludge) 
Works, Books on 
- Data, Evaluation 
Defense Measures for 
Equipment and Tools for 
Financing ("44) 
Gas Hazards in 
Operation Charts 
. Public Relations in 
Sewage Treatment— 
Activated Sludge (See Activated Sludge) 
Biofiltration 
Chemicals Used 
Copper Sulfate in 
Gas Havards 
Grease Removal 
Grit Collection and 


(47) R-99 
(47) R-145 
(48) R-69 
(46) R-40 
(50) R-17 
(46) R-230 
('46) R-208 
(50) R-125 


50) Mag. 189 
(42) R-250 
(50) R-137 
(49) R-135 
('48) R-261 


(45) R-233 
("49) R-109 
(47) R-180, R-182 
('46) R-207 
(49) R-33 
(48) R-261 
(50) R-186 
(48) R-206 
(47) R-173 
('48) R-217 
(50) R-129 
(43) R-194 
(50) R-137 
(46) R-208 
(44) R-184 
(50) R-169 
(50) R-177 


(41) R-195, 


Index 


("49) Mag. 187, 


(50) R-13 
of (47) R-253 
("43) R-188 
(50) R-124 
("49) R-109 
(46) R-201 
(47) R-249 
(47) R-17 


R-164, ('47) R-161, 


(41) R-189 

(49) Mag. 184 

(49) R-132 

(46) R-199, (46) R-261, (°47) R-185 
("41) R-195, ('43) R-211, ('45) R-233 


("42) R-217, 
Washing 
(41) (49) R-124 
(44) R-238 
(46) R-181 
(45) R-211 
(46) R-235 
(42) R-217 
(47) R-255 
R-191, ('48) R-179 
(46) R-214, ('47) R-247 
(50) Mag. 201, R-124 
(46) R-207, (48) R-179 
(46) R-209 

R-214, ('47) R-247 
(48) R-185 
(47) R-249 
(°48) R-161 
(48) R-161 
(48) R-194 


R-144, R-156, ('46) R-234, 
Ferric Salts in 
Kinks 
Plant Effuents 
” Equipment Protection 
Gas Hazards 
Laboratory 
Operation 
Operation 
Equipment 
Operation 
Operation, Small 
Records (Logs) 
Operation Kinks 
Operation Charts 
Processes (41) 
Results 

Sereenings Grinding 
Siudge Digestion (See Sludge 
Toxic Wastes 
Sewer— 

Carrying Capacity 
Cleaning, Mechanical 
Cleaning with Beach 


(46) R-207, R-209, (°47) 


Logs (Records) 
Plant 
Plant 


(46) 
R-173, 


Dir estion) 
(60) R-177 


('49) R-123 
(47) Mag. 251 
Balls ("48) R-182 
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REFERENCE AND DATA INDEX—1941 through 1950 


All subjects in this and previous issues are listed with the respective keys,—('41), ("4 


('45), (46), 


Mag. 227 
R-129 
R-252 
R-192 
R-185 
R-125 
R-121 
R-121 
R-134 
R-117 
R-132 
R-134 
R-172 
R-195 
R-177 
R-266 


(43), ('44), 


4) 
(41) 
('47) 
('46) 
(47) 
("50) 
(49) 
(49) 
("49) 


Design 
Financing 
Flow Detects Waste Water 
Flushing 
Gases, Control of 
House Connection 
Jointing 
Laying 
Locating Lost 
Maintenance 
Maintenance with 
Manholes (Lost) 
Odors (Traps for) 
Ol Exclusion from 
Operation 
Pipe Discharge 
Rental (Service 
(46) R-177, 
Reot Control in 
Service Charges to Industry 
Size and Slope 
Sire, Determination by 
Stabilization 
Sheets, Standard Gages for 
Shep, Small Meter Repair 
Significance of Sewage Analyses 
Silica and Floe Formation, Colloidal 
Single Stage Centrifugal Pumps, Specific Speed Curves for 
Size and Slope of Sewers 
Sizes of Branches and Water 
Sizing Sanitary Sewers 
Slaking Lime 
Stam, Check Valve, Elimination 
Slide Rule for Sewage Operators 
Slope and Size of Sewers 
Sludge— 
Activated (See Activated Sludge) 
Blanket Detector 
Bulking (See Activated Sludge) 
Conditioning 
Density: Volume 
Dewatering 
Digester Scum 
Digester Parts, Corrosion of 
Digestion (See Sludge Digestion) 
Ferti'iver (43) R-264, ( 
Filtration Data 
Engine» 
Dual Fuel 
Engine Installations 
Engine Performance 
Encine Power Generation 
Gas Scrubbing 
Handling 
Heating 
Incineration 
Index Test 
Lagooning 
Metering 
Pumping 
Removal, Cost of 
Sample Preservation 
Solids, Determination 
Sludge Digestion— 
Carbage 
Heating 
Per Cent, 
Practice 
Preconditioning 
Separate (Unit 
Smali— 
Mains 
Mains 
Meter 
Plant 
Plant 
Plant 
Plant 
Plant 
Plant 


(47) R-171, 


(46) R-180, (47) R-166 


CuSO, 


149) 


(48) R-185 
("46) R-169, 
('48) R-166, (°49) Mag. 200, R-112 
(47) R-245, (49) R-134 
(48) R-166, (49) Mag. 200 
(48) R-168 
("49) R-120 
Mag. 190 
(50) R-114 
(46) R-121 
(42) R-250 
('44) Mag. 211 
(46) R-80 
(48) R-168 
(47) R-38 
(49) R-120 
(48) R-137 
(46) R-112 
(44) R-184 
(48) R-168 


Charge) 
R-221, (47) R-161 


Graph 
("49) 


Mains, Relative 


of 


(41) 


(47) 
1°50) 
(47) 
('48) 
(46) 


Ratio 


(49) 
ay) 
47) 
(50) 
(48) 
(4a) 
(46) 
46) 
(48) 
(50) 
(47) 
(48) 
(47) 
(."49) 
(47) 
(47) 
Mag. 285 
(46) R-257 


47) R-229, ('48) 


Gas a5) 


R-229 


' 


(46) R-239, (48) 


PRE RP APP e ee eee = 


R-219, 


4) 

(41) R-222, 
(50) R-169 
60) R-173 
(46) R-256 
(50) R-145 
Mag. 195 
(47) R-213 


(49) Mag. 187, 
R-229, R-239, 


(47) ~R-217, 
(46) R-239, ("48) 


Chart for 


Operation) 
(46) R-55 
(46) R-40 
(48) R-121 
Mag. 249 
“46) R-214 
"48) R-122 
(50) R-79 
(46) R-209 
(45) R-141 
(48) R-124 
‘ 
‘ 


Compressed Air Flushing 
Electrical Thawing 
Shop 
Laboratory (Water) "47) 
Log (Sewage) ‘ 
Lee (Water) ( 
Operation (Water) 
Operation (Sewage) 

Tron Removal 

Pipes—Quick Freezing 

Pump Stations 

System Pressure Tanks 
Sniffer, Air, Corrects Pump Pounding 
Seap Consumption by Hard Water 
Seapy Waste Waters, Treatment of 
Seftened Water, Stabilization of Lime 
4 


“48) R-217 

50) R-119 

(46) R84 

("46) R-157 

(46) R-258 

(48) R-129 

R-141, ¢ 
("49> 


48) R-129 
Mag. 192 


R-157, «°47) 
. Improved 
Selids, Determination— 
Sludge by Centrifuging 
Sludge—Rapid Method 
Suspended 
Selubility of Oxygen in Pure Water 
Setution Feed Control 
Spacing and Submergence of Suction Bells 


“41) R222 
“a6) R-257 
"45) R-262 
(48) R-76 
(50) R-102 
(46) R-83 


Ww. & S. W.— Rererence & Data — 1950 


2), 
('47), (48), (49) or ('50) 


Special Sewer Service Charges for Industrial Wastes 
(48) 

Specifications, Filter Sand 

Specific Speed Curves 

Sperocidal Preperties of Chiorine Dioxide 

Spray Ponds, Cooling Towers, Efficiency of 

Sprinkler Head Discharge 

Square Roots, Squares, Circles 

Squares, Roots, and Circles 

Stability Indicator, Ensiow Continuous 

Stabilization of Lime Softened Water 

Stabilization, Sewer 

Standard Design for Water Services 

Standard Gages for Sheets, Wire, and Plates 

Standard Pipe for Bushings 

Standard Pipes, Safe Columns from 

Standards, U.S. Drinking Water 

Standpipes and Tanks (Also See Tanks) 

State Sanitary Engineers Directory 

Statistics, Graphica! Approach to 

Steam Leak Costs 

Steel Water Tanks, Cleaning, Painting, Protecting 
(45) R-64, 

Elevated 

(45) R-64, (46) R-73, 

Storage Tanks, Pneumatic 


Storage. 
(47) R-67, R-70, ('49) 


Strainers, Self Cleaning, for Sand Removal! from Well Water 


Stuffing Boxes, How to Pack 

Sub-Aqueous Trencher, Air-Lift 

Submergence and Spacing of Suction Bells 
Sub-Surface Water, Basic Factors in Pollution of 
Suction Bells, Submergence and Spacing of 
Sulfide Determination 

Sulfide, Hydrogen Determination 

Sulfate, Copper (See Copper Sulfate) 

Sulpher Dioxide, Cleaning Filters With 

Supply in Fire Protection, Water 

Supply Line Capacity Restored by Chlorination 
Supplies, Purchasing Water Works 

Surface Area of Cylindrical Objects 

Surfaces, Areas, Volumes, Calculation of 
Survey of El 

Surveys of Water Waste and Leaks 

Suspended Solids, Determination of, by Centrifucing 
Suspension, Sewer Stabilization Via 

Sweating. Pipe 
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Tables— 
Alkalinity Equivalents 
Cost of Water Per 1000 Gal. 
Decimal Equivalents 
Fire streams 
Metric Conversion 
Most Probable Number 
Pressure - Head 
Therma! Conductivity of Insulation 
Weights of Chemicals 
Tanks— 
Capacity ('45) R-270, 
Cleaning, Painting, Protecting 
Digestion, Heating of (46) 
Elevated Storage 
R-91, (45) R-64, (°46) R-73, (°47) 
Horizontal, Contents of. ('45) R-270, 
Maintenance and Protection 
('43) R-80, R-83, 
Pneumatic Storage 
Pressure Tanks for Small Systems 
Protection, Cathodic 
Repainting 
Riser, Freezing 
Vertical, Contents of 
Taps from Pipe of Various Sizes 
Taps, Wet, Method of Making 
Taste and Oder Control— 
With Activated Carbon 
With Copper Sulfate for Algae 
Terminology in Pumping 
Test for Residual Chiorine, O-T-A 
Testing Deep Well Pumps 
Testing Meters 
Thawing, Electrical 
Th tant Bl 


Theory and Operation of Separate Sludge Digestion Units 
Thermal Conductivity of Insulating Materials 
Threshold Treatment (See Calgon) 
Time Saving Calculator KVA-KW-HP 
Titration Apparatus, Amperometric 
Ton of Water Costs 5 Cents 
Teols and Equipment fur Sewage Works 
Total Solids in Sludge by Centrifuge Method 
Traffic Cops of the Pipe Lines, Check Valve 
Trapezeidal Conduit Flow 
Traps— 

Fumes from Gas Engines 

Odors from Sewers 


(47) R-264, 
(45) R-64, 
R-239, 


R-67, R-70, 
(47) R-264, 


(°45) R-64, (47) R-67. 


(47) 


(47) R-118, 


(46) R-167, 








R-166, 


(47) R-70, 


R-51, 


(48) R-250, 
(47) R-70, 
('48) R-229, R-239, ( 


(49) R-51, 
(48) R-250, 


R-70, «" 


(43) R-83, 
R-70, 


(47) R-135, 
(48) R-147, 


(48) R-159, 


(46) R-116, R-117, 
(46) 


(49) R-200 
(50) R-76 
(46) R-80 
(50) R-83 
('47) Mag. 255 
(47) R-71 
(50) R-115 
('46) R-269 
(46) R-169 
("48) R-129 
Mag. 190 
(48) R-69 
(60) R-114 
(50) R-138 
(47) R-170 
(46) Mag. 140 
(42) R-89 
(50) Mag. 221 
(50) Mag. 195 
(43) R-282 


("49) 


(49) R-51 
R-91, 
0) 
("49) 

(42) R-il4 

(48) R-126 

(48) R-258 
(46) R-83 
(46) R-24 
("46) R-83 

(40) R-173 

(45) R-263 


44) 
R-41 
R-53 


(46) R-135 
(48) R-71 
(47) R-55 
(50) R-17 

(47) R-237 

(47) R-274 
(48) R-55 
(49) R-45 

(45) R-262 

(49) Mag. 190 

('45) R-131 


(50) R-100 
(50) R-93 
(50) R-94 
(47) R-88 
(50) R-85 
(48) R-66 
(50) R-79 
50) R-107 
50) R-107 
(50) R-20 
(49) R-51 
50) R-173 
(44) 
50) 
*50) 


R-47 
R-20 


49) R-51 
(49) R-53 
(50) R-19 
"48) R-109 
(49) R-51 
(49) R-90 
(60) R-20 
"48) R-268 
('46) R-48 


(49) R-97 
(49) R-96 
(44) R-62 
(49) Mag. 171 
(50) R-65 
(49) R-48 
R-40, R-42 
(45) R-283 
(47) R-213 
(560) R-107 


(44) R-48 
(49) Mag. 171 
(42) R-123 
(60) R-124 
(41) R-222 
(48) Mag. 138 
('48) R-273 


(42) R-20 
(47) R-172 
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All subjects in this and previous issues are listed with the respective keys, 
('46), (47), (48), (49) or ('50) 


('43), ("44), (45), 


Treatment— 

See—-Activated Carbon 
Activated Sludge 
Chlorination 
Corrosion 
Disinfection 
Industrial Wastes 
Odors 
Sewage 
Water 
Wells 

Trencher, Sub-aqueous Air-lift 
Trenching Practice 
Trickling Filters— 

Biofilters 

Flies 

High Rate 

Nozzle Replacement 

Operation Experience 

Toxic Wastes in Sewage 
Transmission Mains— 
Ammonia Chorine Treatment 
Chlorine Treatment 
Trituration of Sewage Screenings ('43) R-194 
Truck, Power Crane (47) R-54 
Tuberculation, Checking by Chloramine Treatment. ('46) R-57, (50) R-49 
Tuberculation Measurement As an Index of Corrosion (47) R-156 
Turbidimeter— 
Sludge Blanket 
Water 


(48) R-258 
(49) R-116 


("41) R-189 
(48) R-261 
(50) R-133 
(46) R-214 
(49) R-147 
(50) R-177 


(46) R-57, (50) R-49 
(47) R-56 


(41) R-230 
(50) Mag. 206 


U 

Unbilled Revenue and Accounted for Water ('48) R-100 
Underground Water Cooling Scheme (48) R-71 
Under Your Glass Table Top ('49) Mag. 203 
Underwriters, Nationa! Board, Fire Flow Table ('46) R-64 
Uprating Distribution Systems by Cleaning and Cement Lining 

(46) R-51 
U.S. Drinking Water Standards (46) Mag. 140 
Use and Handling of Chlorine (47) Mag. 256 
Useful All Purpose Pipe Chart (49) R-162 
Usefulness of Copper Sulfate (48) R-152 
Use of Inhibitors in Cleaning Metallic Pipe (46) R-161 
Use of Reynolds Number—-Fact or Fancy ("48) Mag. 125 
Utility Operations, Mechanization of ('49) Mag. 178 
Utility Operations, Mechanized ('49) Mag. 178 


Vv 
('42)R-242 


(46) R-241 
(46) R-73 


Vacuum Filter Dressing Rig 
Vacuum Filters, Encrusted, Cleaning With Acid 
Value of Elevated Tanks 
Valves— 
Check (46) R-112, ("48) Mag. 138 
(60) R-37 
(47) R-52 
("42) R-69, (44) R-34, ('47) R-52 
(47) R-B4 
Variability of Data (50) Mag. 195 
Variations, Hourly Sewage Load (46) R-207 
Vegetation, Aquatic, Contro! of (50) R-107 
Velocities— 
Clay Sewer Pipe ("48) 
Grit Champer (40) R-138, (°47) 
Pipes (50) 
Vertical Cylinder and Tank Contents —(See Tanks) 
Vitrified Clay Sewer Pipe (48) 
V-Notch Weirs, Capacity ("47) 
Volume Demand and Rates of Flow for Various Uses and Fixtures 
("45) 
Volumes, Surfaces, Areas, Calculation of (47) 
Volume to Density Ratio of Sludge (50) 


Ww 
Warm Water, Pumping ('48) R-47 
Washer and Ejector, Grit (49) R-124 
Washing Filters (49) R-61 
Washing Grit ("41) R-156 
Waste Oil, Exclusion of, from Sewers (46) R-195 
Waste, Water (See Water Waste) 

Waste Waters, Soapy, Treatment of (46) R-253 
Water— 


Cone 
Friction Chart 
Loss of Head in 
Gate 


(41), ("42), 


Infiltration Studies ('47) R-169 
Leak Costs 1°45) R-108, (47) R-200, (49) R-49, ('60) R-58 
Mains (See Mains) 

Mercury Equivalents 

Meters (See Meters) 

Operator, Legal Responsibilities of 

pH Zones 

Pipes (See Pipe) 

Pitometer Surveys (See Waste Surveys) 
Plant Logs 

Pressure 

Rates and Costs 

Requirements for Fixtures 

Sanitation Practice Manual 

Policy, Service 

Services, Standard design for (48) R-69 
Sewer Rental (Joint) (46) R-177, R-221 
Softening ('46) R-159, R-157, ('47) R-141, ("48) R-129, ('49) R-69 
(46) Mag. 140 


(47) R-176 


(46) R-18 
(50) R-136 


(48) R-122 

('43) R-41, (50) R-179 
(47) R-126, (°50) R-21 
(47) R-92 

('43) R-128 

(49) Mag. 170 


Standards 

Storage, Elevated 
('44) R-91, ('45) R-64, (46) R-73, ('47) R-69, R-70, (50) R-47 

Tanks (See Tanks) 

Treatment (See Water Treatment) 

Utility Profit Sharing Plan 

Waste (See Waste, Water) 

Wells (See Wells) 

Works (See Water Works) 


("46) Mag. 143 


Water Treatment— 


(41) R-95 
(48) R-135 
(49) Mag. 184 
(49) R-69 


Agua Ammoniation 
Calgon . 
Chemicals 
Chemistry of 
Chlorine Dioxide ('45) R-129, (60) R-83 
Coagulation, Aided by Silica (44) Mag. 211 
Coagulation With Ferric Salts (44) R-235, (49) R-98 
Fluoridation (50) R-87, R-92 
Corrosion Control (46) R-163, ('49) R-87, R-91 
Corrosion Prevention by (°48) R-127 
Ferric Salts Coagulation (49) R-93 
Ferrie Salts in (44) R-235 
Iron Removal (45) R-141, (46) R-153 
Manganese Removal ("47) R-159, ("48) R-143 
Operation (50) R-79 
Softening (46) R-153, R-157, ('49) R-69 
Taste & Odor Control .. ('47) R-118, R-135, ('48) R-147, ("49) R-95 R-97 


Waste, Water— 


Cause and Prevention (50) R-57 
Cost ('45) R-108, (°47) R-93, R-200, (49) R-49, (°60) R-5S 
(47) R-252 
Leakage Correction (49) R-45 
Locating (47) R-101 
Surveys (41) R-89, (49) R-45 


Detection 


Water Works— 


(50) R-13 
(47) Mag. 287 
Equipment (42) R-109 
Insurance (50) R-23 
Laboratory (47) Mag. 249 
Land Reforestation ("47) R-13 
Management (43) R-21 
Operation ('46) R-15 
Public Relations (47) R-17 
Rules and Regulations (48) R-738 
Supplies and Services (60) R-17 


Books on 
Depreciation 


Watt-Hour Meters, Computing Horsepower from (46) R-114 
Weed Control, Chemica! (47) R-121 
Weights and Measures (47) R-264 
Weights of Materials (46) R-170 
Weights Per Cubic Foot of Dry Chemicals 
Weirs, Capacity of 


(60) R-107 


Rectangular (47) 
V-Notch (47) 


R-273 
R-272 


Wells— 


Capacity, Maintenance of (47) R-109 
Capacity Recovered With Chlorine (47) R-112 
Cleaning ('47) R-107 
Development of Rock (45) R-51, (46) R-21 
Drilling of (46) R-21 
Incrusted, Treating (46) R-23 
Production, Increasing (46) R-23 
Pumps ('47) R-113, (60) R-65 
Rating & Sampling ('48) R-102 
Water, Sand in (48) R-145 
Water, Sand Removal from (42) R-1i4 





Wet Taps, Method of Making (46) R-48 
What Leaks Cost ('47) R-200 
Where the Water Dollar Goes (50) R-86 
Whitewashes, Government (49) R-90 
Wire, Standard Gages for (60) R-114 
ooden Beams, Safe Loading for (49) R-160 


Accounted for (48) R-100 
Air Conditioning —Rates for (49) R-27 
Analyses (46) R-148 
Characteristics of Natural (46) R-146 
Chemical, Weights of Dry (50) R-107 
Chemistry of Treatment (49) R-69 w 
Costs at Stated Rates (60) R-9s 
Costs Per Ton (42) R-123 y 
Disinfection ("47) R-243, ('49) R-101, R-135, R-137, (°50) R-83, R-141 
Dollar (Where It Goes) (60) R-47 
Flow (See Flow and Hydraulics) 

Hammer (45) R-53, ('46) R-106, R-112, R-113, (°47) R-29 Z 
Hammer and Check Valve Slam (46) R-112 


Yardage on Keels or Drums, Determining (47) R-212 


Zones, pH in Water and Sewage Treatment ..(°O0) R-196 
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(47) R-180 
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1 glance at the figures above will tell you exactly what repair costs can be expected 
with Dorr Clarifiers. 


These figures are substantiated facts . . . not estimates, guesswork or wishful 
thinking. We believe they cannot be matched. 


Repair costs are one of the primary factors upon which Clarifier excellence should 
be judged. Are you getting the best? 


We'd like to tell you how Dorr 
Clarifiers stack up on perform- 
ance, too. Ask a Dorr engineer 


for the facts. 


THE DORR COMPANY, ENGINEERS 
BARRY PLACE, STAMFORD, CONN. 
Sixteen Dorr Sifeed Clarifiers at Easterly Treatment Plant, NEW YORK © ATLANTA ® TORONTO 


Cleveland, Ohio, installed in 1932. parnen A pn. © LOS ANGELES 


WESTPORT, CONN. 
SUGAR PROCESSING 
PETREE & DORR DIVISION, STAMFORD, CONN. 
ASSOCIATES.A 
tives in the Principal Cities of the World. 
Ga RESEARC G G rasantatives in the Principal Chas of the 

















where a W&T Residual Recorder was installed on a 
trial basis and for several months put through a 
series of rigorous, exacting tests at six of the 
Houston Water Plants. 


The performance of the Recorder in these tests 
is described by Mr. E. N. Baldwin, Director of 
Utilities, who writes in a-recent letter “***We 
have found that it eliminates the inaccuracies 
associated with all colorimetric tests and provides 
automatically recorded results for permanent 
records. As a result of our experience, we are 
now installing four Residual Recorders at as 
many of our water plants." 


At the 85 mgd Dalecarlia Filter Plant serving the 
nation's capital, a W&T Residual Recorder was 
installed to measure the residual of the filter 
effluent. The results were so effective that Mr. 
E. A. Schmitt, Head Engineer, Chief of the Water 
Supply Division writes: 


“***The need for knowing that the health of 
the consumer is safeguarded is of such impor- 
tance that this office is purchasing six additional 
recorders for installation at its 85 mgd Dalecarlia 
rapid sand plant and at the 100 mgd McMillan 
slow sand plant. These units will give chlorine 
residual sample readings at strategic points in 
the purification process," 


All the advantages of residual recording such as 
improved chlorine usage, better chlorination control 
and smoother plant operation typified by these and W A [ [ A 4 » & T | : R N A N 
other installations at Cleveland, Richmond, Kansas COMPANY. INC 
City,,and Atlanta can be obtained for your plant too. ; 


Just call.your nearest W&T Representative for full weware 1, NEW 
details today. $-53 





